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Foreword 


This assessment report establishes the value of the Hindu Kush Himalaya (HKH) for the 240 
million hill and mountain people across the eight countries sharing the region, for the 1.65 
billion people in the river basins downstream, and ultimately for the world. Yet, the region and 
its people face a range of old and new challenges moving forward, with climate change, 
globalization, movement of people, conflict and environmental degradation. At the same time, 
we also see incredible potential to meet these challenges in a sustainable manner. 

In spite of its importance, relatively less is known about the HKH, its ecosystems and its 
people, especially in the context of rapid change. Over the last few decades, there has been 
more research on the region, but the knowledge gathered is often scattered, reaches a limited 
audience, is sectoral or based on single disciplines and, most importantly, does not reach 
decision-makers, whether they be in government, in local communities, or in the private 
sector. 

The rationale for this assessment is manifold. The first is about extending the accessible 
knowledge base. There has been incredible value in bringing together people engaged in 
generating knowledge about the HKH to collate existing knowledge. Plus, by working across 
disciplines and countries, the assessment blends insights from different perspectives about the 
mountains. Global assessments and programmes like the Intergovernmental Panel on Climate 
Change (IPCC) can now benefit from an important knowledge source about this region, and 
the book has great value in informing global debates and discourses. Then, there is a value 
beyond the assessment report itself, in bringing together a network of people who can work 
across disciplinary and geographical boundaries in the future. 

But the main reason for the assessment goes beyond the collation of knowledge. It is to 
answer a range of policy-oriented questions we all grapple with. Some of these are quite 
scientific, such as what will happen with climate change, or what the impact of air pollution is. 
Others are more targeted to actions that people should take, like pathways to sustainable access 
to energy, or building resilience. The main objective of the assessment thus is to inform 
decision-makers with the best science and knowledge we have. This assessment has made 
important strides in this direction. A very important finding of the assessment is that while we 
have significant knowledge gaps, we know enough to take action. 

The publication of the Hindu Kush Himalayan Monitoring and Assessment Programme’s 
(HIMAP) flagship piece— The Hindu Kush Himalaya Assessment: Mountains, Climate 
Change, Sustainability and People —is an important milestone in a larger process that aims to 
bring together researchers, policy makers and the public to better manage the HKH so that 
women, men and children can enjoy improved well-being in a healthy mountain environment. 

The HIMAP process will continue to engage in science-policy discussions at country and 
regional levels to enhance cooperation between communities, states and countries in managing 
the HKH. It will also develop more targeted assessments about specific areas of concern that 
emerge as we develop more knowledge about the region. Importantly, the authors of the 
assessment have laid out mountain-specific priorities consistent with the Sustainable 
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Foreword 


Development Goals (SDGs), and this book provides an important baseline in reaching these 
goals for the mountains and people of the HKH region. Perhaps the greatest good is that we 
have an expanding community of practice working together to match and rise above the 
challenges facing the HKH today. 

Kathmandu, Nepal David Molden 

Director General, International Centre 
for Integrated Mountain Development 


How to cite: P. Wester, A. Mishra, A. Mukherji, A. B. Shrestha (eds) (2019) The Hindu 
Kush Himalaya Assessment — Mountains, Climate Change, Sustainability and People 
Springer Nature Switzerland AG, Cham. 
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1.1 Global Mountain Perspective 

Mountains are large landforms raised above the surface of 
the earth emerging into peaks and ranges. Mountains occupy 
22% of the world’s land surface area and are home to about 
13% of the world’s population (FAO 2015). While about 
915 million people live in mountainous region, less than 150 
million people live above 2,500 m above sea level (masl), 
and only 20-30 million people live above 3,000 masl. 

About half of all humankind directly depends on mountain 
resources, primarily water. Mountains support 25% of world’s 
terrestrial biodiversity and include nearly half of the world’s 
biodiversity ‘hotspots’. Of the 20 plant species that supply 
80% of the world’s food, six of those (apples, barley, maize, 
potatoes, sorghum and tomatoes) originated in mountains 
(Fleury 1999). In humid parts of the world, mountains provide 
30-60% of the fresh water downstream; and in semi-arid and 
arid environments, they provide 70-95% (Kapos et al. 2000; 
WCMC-UNEP 2002). Mountains provide goods and services 
of global significance in the form of water, hydroelectricity, 
timber, biodiversity and niche products, mineral resources, 
recreation, and flood management (Schild and Sharma 2011; 
Molden and Sharma 2013). Mountains are more diverse 
region rich in ethnicity and languages. In general, poverty is 
higher in mountain regions and people are often at higher risk 
than people elsewhere. According to a recent FAO analysis, 
39% of mountain populations (urban and rural combined) in 
developing countries were considered vulnerable to food 
insecurity in 2012, an increase of 30% compared to 12 years 
prior (FAO 2015). 


Mountain geological formations are fragile and ecosys¬ 
tems are degrading fast because of both natural and 
anthropogenic drivers of change. Mountains are also places 
of cultural meaning and refuge. Many mountain inhabitants 
have settled there to escape religious or political persecution 
or wars in lowlands. Mountains are also often focal areas of 
armed conflict. Mountain areas have ecological, aesthetic, 
and socioeconomic significance, not only for people living 
there, but for those living beyond—especially those in the 
lowlands who benefit from the ecological services mountains 
provide. Thus, mountains, in one perspective, stand as some 
of the planet’s last natural ‘islands’ in a sea of increasingly 
anthropogenic influenced lowlands, providing a number of 
significant ecological functions extending beyond mountain 
regions (Hamilton 2002). 

Mountains also represent unique areas for detecting climate 
change and assessing climate change impacts (Nogues-Bravo 
et al. 2008; Dyuergerov and Meier 2005). As climate changes 
rapidly through elevation over relatively short horizontal dis¬ 
tances, so do hydrology, vegetation, ecological conditions, and 
socio-economic settings (Whiteman 2000; Xu and Melick 
2006). This rapid change over distance, in turn, also influences 
cultural values and societies. In this way, it is important to 
recognise the complexities of environment-society interactions 
—culture and environment are mutually reciprocating systems. 

The increasing awareness of climate change impacts on 
mountains, mountain ecosystems, and mountain commu¬ 
nities have started drawing attention to mountains during 
international debates such as the United Nations Conference 
on Environment and Development in Rio de Janeiro in 1992, 
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Fig. 1.1 The Hindu Kush Himalayan region and 10 major river basins 


the Sendai Framework for Disaster Risk Reduction 2015, the 
Paris Agreement 2015 of the United Nations Framework 
Convention on Climate Change, and the Sustainable 
Development Goals (SDGs) and Targets 2030. There should 
be more pursuits for mountain perspectives to form an 
integral part in any discussions about future plans for sus¬ 
tainable development in the context of climate change. That 
means not just highlighting the vulnerabilities and fragilities 
inherent to mountain locations, but also emphasizing the 
resilience and strength that mountain people and commu¬ 
nities bring when seeking to deal with these challenges. 


1.2 The Hindu Kush Himalaya—A Global 
Asset 

A critically important geo-ecological asset, the Hindu Kush 
Himalaya (HKH) is the origin of 10 major river basins and 
encompasses over 4.2 million km 2 area (Bajracharya and 
Shrestha 2011; Bajracharya et al. 2015) (Fig. 1.1). This HKH 
area and Tien Shan mountains together form the largest area 
of permanent ice cover outside of the North and South Poles 
(hence, the occasional reference to the HKH as the “Third 
Pole”) and is home to four global biodiversity hotspots, 330 
important bird areas (Chettri et al. 2008), and hundreds of 
mountain peaks over 6,000 m. The region provides 


ecosystem services (e.g., water, food, energy) that directly 
sustain the livelihoods of 240 million people in the mountain 
and hills of the HKH. Nearly 1.9 billion people living in the 
10 river basins also benefit directly and indirectly from its 
resources (see Box 1.1), while more than 3 billion people 
enjoy the food produced in its river basins. The region is also 
home to some of the most diverse cultures, languages, reli¬ 
gions, and traditional knowledge systems in the world. 

Box 1.1 Population of the Hindu Kush Himalaya 
and the ten major rivers basins originating in the 
Hindu Kush Himalaya 

Box Authors: Golam Rasul, Abid Hussain and Sudip 
Pradhan, ICIMOD 

Based on the latest available government data 
sources and projections, in 2017 the population of the 
mountain and hills of the Hindu Kush Himalaya is 
around 240 million people (see Table 1.1). The total 
population in the ten major river basins with their 
headwaters in the HKH is around 1.9 billion, including 
the 240 million in the mountain and hills of the HKH 
(see Table 1.2). 

The ethnic diversity and cultural wealth of the HKH extend 
from the Hindu Kush valleys in Afghanistan to the diverse hill 






4 


E. Sharma et al. 


Table 1.1 Population in the mountain and hills of the HKH 


Countries 

Areas included in the HKH region 

Population of HKH 
in million (Year of 
data sources) 

Population in 2017 
(million) 

Population in 2030 
(million) 

Afghanistan 

All provinces except the provinces of Kandahar, 
Helmand, Nimroz, Farah, and Herat 

22.85 

(2016-17) 

22.85 c 

29.91 

Bangladesh 

Chittagong hills 

1.60 

(2011) 

1.78 

2.27 

Bhutan 

Entire territory 

0.78 b 

(2017) 

0.78 c 

0.96 

China 

Parts of the provinces of Yunnan (Diqing, Nujiang 
and Dali prefectures), Sichuan (Ganzi, Aba and 
Liangshan prefectures), and Gansu (Gannan, 

Wuwei and Zhangye prefectures); Xinjiang 
autonomous region (Kashigar, Kezilesu, Hetian 
and Altai prefectures); Tibet (entire territory), and 
Qinghai province (entire territory) 

32.51 

(2015) 

33.29 

38.86 

India 

Entire territory of 11 mountain states (Assam, 
Uttarakhand, Himachal Pradesh, Manipur, Jammu 
and Kashmir (Indian administered area), 

Meghalaya, Mizoram, Nagaland, Sikkim, Tripura, 
Arunachal Pradesh), and Darjeeling and 

Kalimpong districts of West Bengal state 

76.98 

(2011) 

86.27 

110.44 

Myanmar 

Chin, Shan, Rakhine and Kachin states 

11.18 

(2014) 

11.70 

14.24 

Nepal 

Entire territory 

26.49 

(2011) 

28.75 

34.31 

Pakistan 

Khyber Pakhtunkhwa province, 24 districts (out of 

32) of Balochistan province (excluded districts are 
Kachhi, Gwadar, Jafarabad, Jhal Magsi, Lasbela 
and Sohbatpur), Azad Jammu and Kashmir (AJK), 
Gilgit-Baltistan and Federally administered Tribal 
Areas (FATA) 

51.47 d 

(2017) 

51.47 c 

72.64 

Total 


223.86 

236.90 

303.63 


Notes 

Exponential projections of populations. The periods of growth rate estimation for HKH areas were 2009-2017 (Afghanistan), 2001-2011 
(Bangladesh), 2010-2017 (Bhutan), 2011-2015 (China), 2001-2011 (India), 1983-2014 (Myanmar), 2001-2011 (Nepal), and 1998-2017 
(Pakistan). These growth rates are used to project populations for 2017 and 2030 
Projected population for 2017 procured from Statistical Year Book of Bhutan, 2016 

Population statistics for 2017 are directly collected from official sources of respective countries (Statistical Year Book of Bhutan 2016; Population 
Census of Pakistan 2017; Statistical Year Book of Afghanistan 2016-17) 

Projected population of Azad Jammu and Kashmir and Gilgit-Baltistan for 2017 was added to the population of HKH areas procured from 
Population Census of Pakistan 2017 

Sources (1) Data for latest population statistics are collected from Statistical Year Book of Afghanistan 2016-17; Population and Housing Census 
(Bangladesh) 2011; Statistical Year Book of Bhutan 2016; Year Books of China, Yunnan Province, Sichuan Province, Gansu Province, Xinjiang 
Autonomous Region (China) 2016; Population Census (India) 2011; Population and Housing Census of Myanmar 2014 (The Union Report, 
Volume 2); National Population and Housing Census of Nepal (national report) 2011; Population Census 2017; Govt, of AJK 2014; Govt, of 
Gilgit-Baltistan 2013 

(2) Data for Base Year population (used for growth rate estimation) collected from Statistical Year Book of Afghanistan 2008-09; Population and 
Housing Census (Bangladesh) 2001; Statistical Year Book of Bhutan, 2016; Year Books of China, Yunnan Province, Sichuan Province, Gansu 
Province, Xinjiang Autonomous Region (China) 2012; Population Census (India) 2001; Population and Housing Census of Myanmar 2014 (The 
Union Report, Volume 2); National Population and Housing Census of Nepal (national report) 2011; Population Census (Pakistan) 1998 
Assumptions for Projections In- and out-migration rates, fertility rate and mortality rate will remain stable 


and mountain systems of Myanmar. Between these areas, we 
find the arid and semi-arid regions of the Pamir and Kar¬ 
akoram mountains; the high Himalaya of India, Nepal, and 
Pakistan; the un-spoilt beauty of Bhutan; the Tibetan Plateau 
of China; and the three parallel rivers of the Salween, Mekong 


and Yangtze in the far eastern region located in Yunnan 
Province of China. The HKH features great heterogeneity 
from north to south and east to west in relation to precipita¬ 
tion, vegetation, and human livelihoods. This variability defy 
making easy generalizations about the region. 
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Table 1.2 Area and population of the ten major river basins 
originating in the HKH 


River basins 

a Area 

(km 2 ) 

b Population in 

2010 (million) 

b Population in 
2015 (million) 

Amu Darya 

645,870 

27.19 

30.18 

Brahmaputra 

528,083 

64.63 

68.07 

Ganges 

1,001,090 

539.43 

580.09 

Indus 

1,116,350 

244.31 

268.42 

Irrawaddy 

426,393 

40.18 

42.87 

Mekong 

841,337 

74.58 

77.31 

Salween 

363,898 

18.19 

17.88 

Tarim 

929,254 

10.65 

11.37 

Y angtze 

2,066,050 

600.92 

604.94 

Yellow 

River 

1,073,440 

192.86 

198.02 

Total 

8,991,765 

1,812.95 

1,899.14 


Notes 


a The area of individual basins have been calculated from basin 
boundary shapefile in Albers equal-area conic map projection 
developed by ICIMOD 

b The basin-wise population has been calculated from the “Gridded 
Population of the World adjusted to UN country level population 
estimates for 2010 and 2015” dataset produced by the Center for 
International Earth Science Information Network (CIESIN), Columbia 
University (http://sedac.ciesin.columbia.edu/data/collection/gpw-v4/ 
united-nations-adjusted) 


1.3 Key Issues of the HKH 

This assessment considers the key issues in the HKH region in 
the context of related questions that draws regional attention, 
cooperation and policy solutions. The HKH region is geolo¬ 
gically fragile, with young and rising mountains, usually 
vulnerable to erosion and landslides, even without human 
interference. The region is undergoing rapid change driven by 
stressors such as climate change and human conflicts, and 
factors like globalization, infrastructure development, 
migration, tourism and urbanization. The outcome of inter¬ 
play of these complex drivers of change is challenging to 
predict but will have major consequences, not just in the 
region but globally. There is a critical need to assess these 
drivers’ potential cost to the HKH environment and human 
wellbeing as well as the opportunities they may present. Per 
capita fossil fuel C0 2 emission from the HKH countries is 
one-sixth of the global average, however the region immen¬ 
sely suffers from the impact of climate change. Climate 
change is further enhanced by short-lived climate pollutants 
such as black carbon, which is emitted in large quantities in 
regions upwind of the HKH where dirty energy sources also 
have a large impact on health. From a policy standpoint, 
achieving food, water, energy, and livelihood security in the 


region will require exploring scenarios based on different 
assumptions so that the scientific community, policy-makers, 
the private sector, and community stakeholders can come 
together and make optimal governance decisions to sustain 
this global asset. It will also require country-specific recom¬ 
mendations to guide national-level policy-making. 


1.4 Overall Objective, Rationale and Key 
Questions 

1.4.1 Overall Objective 

This assessment aims to (1) establish the global significance 
of the HKH, (2) reduce scientific uncertainty on various 
mountain issues, (3) lay out practical and up-to-date solutions 
and offer new insights for development of this region, 
(4) value and conserve existing ecosystems, cultures, socie¬ 
ties, knowledge, and distinctive HKH solutions that are 
important to the rest of the world, (5) addresses contemporary 
policy questions, and (6) influence policy processes with 
robust evidence for sustainable mountain development. 

1.4.2 Rationale for the Assessment 

An assessment is distinct from a review. Whereas research 
speaks to other scientists in a particular field, assessments 
critically evaluate current states of knowledge about a topic 
with an aim to develop policy-oriented solutions, and inform 
relevant decision-makers across sectors. Assessments are 
structured to address specific social problems by translating 
science into forms that are salient, legitimate, and credible to 
wider audiences (Clark et al. 2006). Nevertheless, assessments 
also give due importance to reducing scientific uncertainty. 

An integral part of assessments is indicating the level of 
confidence that chapter teams have concerning key findings, 
based on the available data, evidence and peer-reviewed 
publications. For the HIMAP Assessment it was decided to 
follow the four-box model adopted by the Intergovernmental 
Science-Policy Platform on Biodiversity and Ecosystem 
Services (IPBES) for the qualitative communication of 
confidence, which juxtaposes the level of agreement with the 
quantity and quality of the evidence. In the Chapter Over¬ 
views the following four confidence terms are used, in 
brackets and italics: (well established), (established but 
incomplete), (unresolved) and (inconclusive). For a key 
finding to be well established, the quantity and quality of the 
evidence is high as is the level of agreement. For incon¬ 
clusive both are low, while for unresolved multiple inde¬ 
pendent studies exist but the conclusions do not agree (low 
level of agreement). Lastly, established but incomplete per¬ 
tains to findings where the general level of agreement is high 
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among experts, although only a limited number of studies 
exist and the level of evidence is low to moderate. 

The target audiences for this assessment are those who 
make decisions on investments and management regarding 
mountain development, that is, policy-makers, government 
agencies, foundations, academics, natural resource managers, 
private-sector investors, and civil-society members. In addi¬ 
tion, our assessment aims to inform the general public about 
important mountain issues so that everyone can help to make 
better decisions through political processes in HKH countries. 

In 2007, the Intergovernmental Panel on Climate Change 
(IPCC’s) fourth assessment report (Pachauri and Reisinger 
2007) predicted that climate change will be the most promi¬ 
nent driver of global change in the 21st century and pointed to 
the lack of consistent long-term monitoring in the HKH. The 
report called for national, regional, and global efforts to fill 
this data gap. Little progress was made in the HKH by the time 
of the IPCC’s fifth assessment report (Pachauri and Meyer 
2014). While universities, nongovernmental organizations, 
and scientific organizations have made strides in assembling 
and consolidating data, information on environment, natural 
resources and social systems of the HKH collectively remains 
too fragmented and incomplete to derive any meaningful 
conclusions about trends and scenarios. 

The Hindu Kush Himalayan Monitoring and Assessment 
Programme (HIMAP), which brings together hundreds of 
scientists and experts from the region and around the world, 
aims to address these knowledge gaps and propose a way 
forward. This comprehensive assessment goes beyond cli¬ 
mate change and is expected to greatly assist efforts to 
address threats and act on opportunities, and gives impor¬ 
tance to upscale cutting-edge approaches. HIMAP derives 
inspiration from the Arctic Monitoring and Assessment 
Programme, which has systematically generated meaningful 
data and analysis about key trends and future scenarios on 
environment and natural resources in the Arctic region. 

1.4.3 Key Questions 

A set of questions relevant for the assessment was developed 
first by nalysing the key issues of the HKH region. The 
assessment was designed in a way that each chapter team 
considered relevant questions in writing their chapters. 
HIMAP has considered the following critical questions: 

• What are the most important drivers of change in the 
HKH, what is the role of climate change, and what are 
their potential impacts on biodiversity, ecosystem ser¬ 
vices, livelihoods, and water resources? 

• What are the most important strategies, policies, and 
governance arrangements for enhancing community 
adaptation to drivers of change, including climate 


change; how can they be out-scaled; and what are their 
impacts? 

• How do gender-equitable and inclusive approaches sup¬ 
port sustainable mountain development, and how can 
these be realized? 

• What migration trends exist in the region, what are their 
present impacts on livelihoods and the environment, how 
climate change is inducing migration and should migra¬ 
tion be taken as adaptive strategy, and what are the 
options for addressing migration and the likely con¬ 
sequences of those options? 

• What is the existing status of the cryosphere, what 
changes are likely, and what are the possible impacts of 
those changes? 

• What is the current and likely future quantity, variability, 
and quality of the water in the 10 major river basins of 
the HKH; what are the potential impacts of change on 
water availability; and how can negative impacts be 
mitigated? 

• What are the best means of reducing the risk of floods 
and droughts, and how can they be introduced at various 
scales, including on Transboundary Rivers? 

• Why is air pollution increasing in the HKH, how is the 
HKH affected by air pollution from within and beyond 
the HKH, and how can the problem be reduced? 

• What are the energy needs and possibilities for the people 
of the HKH, what are the positive and negative impacts 
of hydropower development, how effective and safe is 
hydropower generation as an economic enterprise, and 
how can hydropower best be sustainably developed in 
the region? 

• How can ecosystems be managed to support soil and 
biodiversity conservation, and improved livelihoods in 
the various contexts found in the HKH? 

• What ecosystem services do mountains provide, and how 
can management and supply of these services be 
compensated? 

• What watershed-, landscape-, and forestry-based 
approaches will best support ecosystem services, food 
and water security, and community resilience? 

• How can the HKH develop a green economy? What 
technologies (modern, traditional, and indigenous) and 
approaches are best suited for sustainable mountain 
development in the region, and how can they be out- 
scaled? 


1.5 Vision 

The assessment foresaw the key issues of the region, drew 
13 critical questions for addressing the identified issues, and 
both the issues and questions were used in formulating the 




1 Introduction to the Hindu Kush Himalaya Assessment 


7 


vision of the assessment: To enable a prosperous, peaceful , 
and poverty-free people; food , energy , environment and 
water secure people; and climate- and disaster-resilient 
mountain communities for the region and the world. 

(1) Prosperous—wellbeing in terms of productive and 
dignified, social (quality of life, social capital, heal¬ 
thy), cultural (identity plus integration), and environ¬ 
ment (clean air, water, pollution management, and 
healthy natural resource base) 

(2) Equality of access to opportunities and benefits of 
resources for everyone regardless gender and social 
class 

(3) Food security—healthy people with access to ade¬ 
quate, affordable, good quality and nutritious food 

(4) Energy security—access to adequate amount of 
energy that is affordable, non-polluting and sustain¬ 
able, without unduly affecting the present low carbon 
status. 

(5) Water security—access to quality, affordable water; 
and protection from extreme events such as floods and 
droughts 

(6) Vibrant and bio-diverse ecosystem services for people 
to support culture and economies; protection and wise 
use of ecosystem services 

(7) Climate and disaster resilient communities and 
countries; contributing to mitigation and adaptation; 
means—finance, capacity building, knowledge and 
technology 

(8) Cooperation at all levels (people to people, business 
to business, government to government) between 
countries for sustainable and mutual benefits to 
achieve vision 

(9) Unrestricted people movement across the HKH 
countries 

(10) Recognition of the HKH region as a global asset. 


1.6 HKH Priorities Contributing to the 
Sustainable Development Goals 

Considering the issues, questions and vision as part of this 
assessment, we drafted our chapters and key messages in 
line with the United Nations’ Sustainable Development 
Goals (SDGs). In this way, our “Priorities for Mountains and 
People of the HKH” reflect the ideals and inspiration of the 
SDGs. We created this complementarity through a three-step 
exercise: 

(a) Define HKH priorities, align them with SDGs and refer 
to relevant HIMAP assessment chapters; 


(b) Define HKH specific targets for 2030; 

(c) Identify suitable indicators derived from the list of 
proposed SDG indicators; and indicate data availability. 

Table 1.3 lays out the relationship between HKH prio¬ 
rities and the SDG framework. 


1.7 Conceptual Framing of the Assessment 

The concept of the assessment was logically developed step 
by step by framing of key issues, identifying critical questions 
to address the issues and visioning of the exercise and iden¬ 
tifying nine priorities that could contribute to 2030 SDGs. 

Our assessment addresses the environmental, economic 
and social pillars of sustainable mountain development and 
will serve as a basis for evidence-based decision-making to 
safeguard the environment and advance people’s wellbeing. 
This report will not be a one-time publication. It is planned 
as the first of a series of monitoring and assessment reports 
about the HKH. 

In spite of the vast expanse of mountains and their 
importance in the world, as a unique and exclusive land 
form, they have been largely ignored within better known 
environmental assessments such as the IPCC and Millen¬ 
nium Ecosystem Assessment. In those assessments, moun¬ 
tains are not examined in detail: scientific knowledge is 
scattered and traditional indigenous knowledge systems are 
mostly absent. This assessment intends to fill these gaps and 
provide information for improved decision making in and 
for the HKH. HIMAP intends to provide a connection of this 
region in global assessments such as IPCC AR 6 and sub¬ 
sequent ones and IPBES, and intends to contribute to global 
targets like 2030 SDG goals, 1.5° World after 
Paris UNFCCC 2015 agreement and Sendai Framework for 
Disaster Risk Reduction 2015. 

The assessment chapters consider status, trends and sce¬ 
narios on environmental, economic and social systems of the 
HKH region, and come up with recommendations that build 
into key policy messages. This assessment focuses on var¬ 
ious drivers of change all of which are influenced by impacts 
of climate change. Mountain people and ecosystems tend to 
experience change more rapidly and with greater intensity. 
Mountain regions are no longer isolated from globalization. 
The HKH’s biodiverse resources, rich indigenous knowl¬ 
edge systems, and enormous reservoirs of water provide 
vibrancy to the region and beyond. Understanding how these 
features may change over time is extremely important. In 
response, we devote many pages of this assessment to 
considering alternative development pathways and discuss¬ 
ing ideas for enhancing regional cooperation in the HKH for 
sustainable mountain development. 





Table 1.3 Framework for SDG consistent priorities for mountains and peoples of the HKH 
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1.8 Assessment Process 

The International Centre for Integrated Mountain Develop¬ 
ment (ICIMOD) coordinated HIMAP, constituted the chap¬ 
ter author teams and the process was steered by policy 
decisions of the Steering Committee. The assessment pro¬ 
cess involved several rounds of Steering Committee meet¬ 
ings, workshops of Coordinating Lead Authors and Lead 
Authors including write-shops and peer inter-chapter 
reviews, subject expert reviews, and open reviews for any¬ 
one interested. Science-policy dialogues were organized to 
develop key policy messages. For this assessment, HIMAP 
has engaged more than 300 researchers, practitioners, 
experts, and policy-makers. The publication of the first 
Comprehensive Assessment of the HKH in 2018 is planned 
as a wide-ranging, innovative evaluation of the current state 
of knowledge in the region and of various drivers of change 
and their impacts, and a set of practically oriented policy 
recommendations. The process is following these steps: 

• Framing of the assessment : A framing workshop and 
consultations with various experts to define the structure 
and process of the assessment. 

• Drafting of chapters : Based on the experience of other 
assessments, a network of people with in-depth knowl¬ 
edge of the region to draft the chapters. 

• Peer review : Rigorously review the chapter drafts, both 
by peers and via open review. 

• Dissemination : Using multiple channels, to communicate 
to a wide range of audiences during the process to draw 
attention while the assessment is still in preparation. 

• Engagement with policy-makers : share with policy¬ 
makers in the region through various processes. 

• Development of a summary document : A summary for 
decision-makers based on the results of the process. 

• Publication and launch : Publication of the first edition of 
the assessment in 2017. 


1.9 Outline of the Assessment 

Each chapter of the assessment address three broad themes 
within its particular confines: 

(1) Defining the vision and state of knowledge; 

(2) Drivers of change and integrated future scenarios; and 

(3) Noting ideas and praxis for sustainable development. 

The critical questions were used by each of the chapters 
to address the key issues of the region. The sixteen chapters 
include: Introduction—setting the scene: Drivers—local, 


regional, and global; Climate change in the HKH; Future 
scenarios; Sustaining HKH biodiversity and ecosystem ser¬ 
vices; Meeting future energy needs; The cryosphere; Water 
security—availability, use, and governance; Food and 
nutrition security; Air pollution; Disaster risk reduction and 
increasing resilience; Mountain poverty, vulnerability and 
livelihoods; Adaptation strategies; Gender and inclusive 
development; Migration; and Governance and institutions. 
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Chapter Overview 


Key Findings 

1. Looming challenges characterize the HKH as 
environmental, sociocultural, and economic 
changes are dynamically impacting livelihoods, 
environmental conditions, and ultimately sustain¬ 
ability . Many challenges for sustainability are related to 
weak governance, natural resource overexploitation, 
environmental degradation, certain aspects of unregu¬ 
lated or rapid urbanization, and loss oftraditional culture. 
Addressing theseproblems willrequirepolicy and action 
at local, national, and international levels, including 
common action among HKH states. 

2. However, for mountain societies of the HKH, 
some changes may also bring novel opportuni¬ 
ties for sustainable development. A range of 
opportunities lie in improved connectivity includ¬ 
ing transportation and communication, which 
increases access to information, partnerships, and 
markets. Enhanced access to social services may be 
enabled and strengthened by economic growth and 


the advancement of science and technology. 
Additionally, a growing network of local urban 
centres may support the transmission of new 
prosperity to rural populations, as the development 
of mountain towns and cities often can help—be¬ 
sides their mere economic power—to enhance the 
political influence of these regions within the 
national states. 

3. The drivers of change to environmental, socio¬ 
cultural, and economic sustainability in the 
HKH are interactive, inextricably linked, and 
increasingly influenced by regional and global 
developments. Among the most important drivers 
in this intricate network of causes and effects are 
demographic changes and current governance 
systems, as well as land use and land cover 
change, over-exploitation of natural resources, 
economic growth and differentiation, and climate 
change. 
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Policy Messages 

1. To meet the challenges arising from environ¬ 
mental, sociocultural, and economic changes in 
the HKH, policy approaches must become more 
holistic and multidimensional. While the drivers of 
change continue to demand individual identification 
and analysis, the complexity of their interactions also 
calls for more comprehensive and integrated strategies 
to be adopted—incorporating globally recognized 
mountain priorities, promoting transboundary cooper¬ 
ation, and encouraging development of mountain- 
specific responses by government policy makers. 

2. Governments should take strong and timely 
action to strengthen the sociocultural and envi¬ 
ronmental dimensions of sustainability, while 
also fostering responsible economic growth in 
the mountain regions. Such interventions should 
be developed with more inclusive, participatory 
approaches in natural resource management. Both 
proximate and ultimate drivers of change must be 
recognized and incorporated into national devel¬ 
opment planning. This is the Mountain Agenda. 

3. Regional governments should combine and 
accelerate efforts to advance sustainable moun¬ 
tain development, especially with a view to ben¬ 
efiting from the global conservation and 
development agenda, such as the Sustainable 
Development Goals for 2030. New financing 
mechanisms for climate change mitigation and 
adaptation and for infrastructure development offer 
valuable opportunities for increased investment in 
mountain regions. Governments must seize these, 
with the aim of creating enabling environments and 
institutions that empower mountain people to share 
in the regional and global achievements and benefits 
of inclusive growth and sustainable development. 


What are the main drivers of change affecting mountain 
sustainability in the HKH? This chapter seeks answers to this 
critical question. Building on the definition of sustainability 
given by the United Nations’ Agenda 21, we describe envi¬ 
ronmental, sociocultural, and economic dimensions of change 
and their drivers in the HKH. Specifically, we aim to outline and 
describe trends and existing and potential impacts of a varied 
and sometimes complex set of drivers of mountain sustainability. 

A comprehensive analysis of the major drivers leading to 
changes in the HKH reveals that individual and cumulative 
impacts are reflected at multiple spatial and temporal scales 
(well established). For example, globalization, climate 


change, and the rapid spread of invasive alien species exist 
or occur in many localities and across many scales. As a 
result, in any given area or community, the interactions and 
impacts of these and other drivers of change are complex, 
and often are local and specific in the context of the domi¬ 
nant ecosystem or landscape and the sociocultural and eco¬ 
nomic environments. 

The HKH is among the most discrete yet diverse regions 
of the world in terms of environmental, sociocultural and 
economic settings. It represents globally significant biodi¬ 
versity hotspots and provides numerous ecosystem services 
to millions of people living within as well as outside the 
region ( well established). The HKH region also faces 
enormous pressures from both global and regional change, 
and from a combination of both natural and anthropogenic 
forces ( well established). 

In most areas of the HKH, rapid demographic and economic 
growth have increased the demand for natural resources leading 
in many instances to their overexploitation, significant land use 
and land cover change (LULCC), habitat fragmentation, and 
unsustainable socioeconomic activities ( well established). 
Rapid economic growth has changed levels and patterns of 
consumption as well as infrastructure investment. For example, 
dam construction for irrigation may make food production 
more efficient and create opportunities to export food, while 
those dams built for hydropower can improve livelihoods 
locally with the provision of electricity as well as energy for 
export, and may also transform agricultural communities 
through diversification of livelihood opportunities such as 
tourism. However, all large scale investments also have a 
multitude of intended or unintended effects, some of which are 
negative, including social and environmental consequences 
(established but incomplete). Similarly, demographic shifts, 
with people increasingly concentrated in town and cities, are 
expected to create future challenges through environmental 
impacts caused especially by a growing demand for food and 
energy, yet at the same time may also lead to improved quality 
of and access to social services such as education, health care 
and waste management ( established but incomplete). 

Technological innovations have markedly affected peo¬ 
ple’s ways of life in the HKH, especially local and indigenous 
sociocultural practices, enabled through the development of a 
range of opportunities in remote mountain areas ( established 
but incomplete). With a gradual integration into regional and 
global markets, many rural societies in the region—though 
not all—are now shifting from subsistence farming to more 
market-based agricultural production, including cash crops. 
Such changes have contributed to the conversion of croplands 
to non-agricultural use, to a decline in traditional ways of life, 
and also to a more intense use of natural resources—along 
with rising incomes and enhanced livelihoods, albeit not 
uniformly amongst all people or groups ( established but 
incomplete). Advances in agricultural technology and 
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biotechnology may improve the yield of crops and people’s 
food security, yet arguable with a bundle of uncertainties 
(established but incomplete ), while the increased access to 
global ICT services including smartphones, open access 
software and cloud computing can make mountain regions 
more accessible ( established but incomplete). 

Several major drivers, in particular demographic changes, 
governance systems and institutions, and climate change, are 
likely to have the most harmful or challenging impacts on 
sustainable development in the HKH ( established but 
incomplete). As HKH countries work to adapt their practices 
and mitigate these impacts, all their efforts must involve close 
collaboration among countries. Weak governance and 
uncertain or unsecure land tenure, in particular, along with 
political unrest, local conflicts and migration, are also exac¬ 
erbating environmental degradation through various activities 
such as poaching, unsustainable timber harvesting, and other 
forms of over-exploitation of natural resources ( established 
but incomplete). 

All the above challenges create an urgent need for 
improved coordination amongst development stakeholders 
including governments for formulating evidence-based poli¬ 
cies and legislation, for developing more effective institu¬ 
tional arrangements, for more transparent decision making, 
and for greater transboundary cooperation in regional aspects 
of conservation and development across the HKH. 


2.1 Pillars and Drivers of Sustainability 
in HKH Mountains 

Mountain systems have long been admired and protected on 
the grounds of their serenity, wilderness, and landscape 
beauty (Antonelli 2015; Foggin 2016; Messerli and Ives 
1997; Price 2015). Although direct human influence on the 
world’s mountains is relatively low, when compared to more 
densely populated lowlands, nonetheless many mountain 
systems are strongly affected by multiple local and global 
drivers of change (Price 2015). 

Decisions and actions taken by a diverse range of stake¬ 
holders operating at many scales in the HKH impact the 
overall sustainability in mountains. Drivers of change affect 
sustainability through environmental, sociocultural, or eco¬ 
nomic dimensions, either individually or in combination. In 
addition, local processes may have regional and global 
impacts, and vice versa. The origin and impact of key drivers 
of change in the HKH—which will be introduced in this 
chapter—are manifest at three main levels or scales: (1) direct 
local impacts of drivers on land and natural resources and 
their management, within a framework of coupled social- 
ecological systems; (2) regional effects of local drivers, 
mediated largely through provision of ecosystem services in 
the context of highland-lowland linkages; and (3) regional 


and global influences on the HKH through tele-coupled sys¬ 
tems, whereby decisions or actions made outside the region 
have significant impacts within the HKH. In the widely 
interconnected spheres of influence of each driver, multiple 
pathways of impact are common, including both direct and 
indirect associations with mountain sustainability. 

There are also three primary dimensions or pillars of 
sustainability. Ensuring that the needs of the present gener¬ 
ation are met without compromising the ability of future 
generations to meet their own needs requires that the envi¬ 
ronment be safeguarded from degradation or loss, that 
development occurs in socially and culturally appropriate 
and equitable ways, and that development plans and inter¬ 
ventions be economically viable. In mountain regions, 
additional complexities are introduced because of upstream- 
downstream linkages (e.g., flow of ecosystem services) and 
the multi-scalar nature of many of the key drivers and/or 
their impacts (cf. tele-coupled systems) (see Box 2.1). 

Box 2.1 What is mountain sustainability? 

Sustainability has environmental, sociocultural, and eco¬ 
nomic dimensions. Healthy ecosystems and environments 
are necessary for the survival of humans and other 
organisms, and thus constitute the basis of sustainable 
development. Yet without sociocultural equity or viable 
economic plans and initiatives, few development inter¬ 
ventions will succeed. The three dimensions or pillars of 
sustainability are interdependent and mutually reinforc¬ 
ing, and—in the long mn—none can exist without the 
others (Morelli 2011). Moving towards sustainability is a 
societal challenge that involves national and international 
legislation, urban and regional development, transport 
and other sectors, and that equally involves engagement 
with local and individual ways of life, and, especially in 
an increasingly urban world, positive choices to promote 
more ethical consumerism. 

In mountain regions such as the HKH, linkages are 
critical between upstream and downstream ecosys¬ 
tems, people, and production systems, as well as 
between centres of decision making and remoter 
mountain communities. Achieving sustainability in the 
HKH will require not only that drivers of change and 
their pathways of impact be clearly identified and 
addressed, but also that regional and transboundary 
coordination and collaboration are endorsed, pro¬ 
moted, and strengthened across all relevant sectors. 

Because human-related drivers affect mountain sustain¬ 
ability at different spatial and temporal scales, both the 
assessment and management of these drivers are complex 
matters. Changes in one driver generally result in interactive 
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Economic drivers 
based in part 
on adopted 

development 
philosphies (or 

‘schools of 
thought’) in 
economics 


Social drivers 

integrated with 

socioeconomic 
decisions and 

consequent 

outcomes 


Government policies, including governance, 
market integration, transport/access 

Programmes/projects, including funds 
and ideas from outside 

Financial investments to regions 

Urbanization, new centres for trade 
(markets), exchange of ideas, innovation 


DRIVERS OF CHANGE IN MOUNTAIN SYSTEMS 


Population, including numbers 
and trends, also migration (with 
flow of people, funds, ideas) 

HDI and sense of wellbeing 

including income, health, education 



Economic 

viability 



Environmental drivers 

recognizing that 
mountain regions 
are integrated 
or coupled 

social-ecological 
systems 


nd^B 

prrA ^ 


SUSTAINABLE 
MOUNTAINS 
Social Environmental 

wellbeing sustainability 


Land use choices, at both 
policy and practice levels 

Use/exploitation of resources, 
including impacts of pollution 
(both local and distant sources) 

Invasive alien species 

Conservation actions, including 
values, policies, activities 


Governance (formal and informal) and 
NRM practices (traditional and modern) 
adoped or promoted 

Technologies, opportunities, 
applications in development 


Note: LULC - land use land cover; NRM - natural resource management: HDI - human development index 




Mountain Characteristics (drivers of change) 


Biosphere (biodiversity, land cover, 
ecosystem services) 

Geosphere (geology, surface processes, 
natural hazards) 

Human systems (traditional and current LULC) 

Atmospheric and hydrological systems 

(climate change) 


Fig. 2.1 Model of three pillars of mountain sustainability and network of interactive drivers of change (Source developed by Marc Foggin for this 
chapter). Note LULC: Land use and land cover; NRM: Natural resource management; HDI: Human development index 


or feedback effects on other drivers. That is, for any given 
change, the effects are always multiple and often interactive; 
there is no simple one-to-one causal link between one driver 
of change and a single aspect of mountain social-ecological 
systems. 

Further, certain drivers of change are themselves the 
result of complex combinations of multiple other factors. 
Causality is almost always mediated by a range of interact¬ 
ing factors, complicating attempts to establish the propor¬ 
tionality of various contributors to change. Therefore, 
although the following sections address a suite of drivers of 
change separately, each in turn, their combined effects 
should be kept in mind along with their respective effects on 
the three different dimensions of sustainability—environ¬ 
mental, sociocultural, and economic. 

Figure 2.1 provides a conceptual illustration (model) of 
mountain sustainability and the key drivers of change, 
broadly organized around the concept of the three pillars of 
sustainability. Throughout this chapter, however, it will 
become evident that the impacts of each individual driver 
almost always range across all of these dimensions. 

In summary, this chapter presents a high-level review and 
assessment of available information about the main drivers 
of change to mountain sustainability in the HKH, with a 
review of their multidimensional impacts across a range of 
scales and introducing their major pathways of impact. 
Notably, not every element in the conceptual model shown 
in Fig. 2.1 is substantiated with full studies or information 
directly from the HKH—a number of gaps still exist—but 


the drivers detailed in this chapter are largely overlapping 
and consistent with the model. 


2.2 Environmental Drivers of Change 
to Mountain Sustainability 

This section focuses on the multiple, interrelated effects of 
land use and land cover change, levels of resource 
exploitation, forms of pollution, presence of invasive alien 
species, mountain hazards, and climate change, as the main 
(direct) environment-related drivers of change to mountain 
sustainability. 

2.2.1 Land Use and Land Cover Change 

Land use and land cover change (LULCC) directly impacts 
the environment and leads to socioeconomic changes for 
human communities. LULCC is the primary cause of soil 
degradation, altering ecosystem functions and services, thus 
affecting the abilities of ecosystems to support human needs 
—both locally and downstream. In this way LULCC largely 
determines (or mediates) both the vulnerability and the 
resilience of ecosystems and human society to external 
perturbations such as climate change, national and regional 
policies, and other aspects of globalization. 

Integrated research on LULCC across the HKH is gen¬ 
erally lacking. Most published case studies have been carried 
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Fig. 2.2 Main land cover types in the Hindu Kush Himalaya 


out in the Tibetan Plateau region in China, focusing espe¬ 
cially on the vast grasslands. Because most available case 
studies analyse satellite data that are temporally and spatially 
variable, regional patterns of LULCC are difficult to distin¬ 
guish clearly (Harris 2010; Box 2.2). 

Box 2.2 General trends of LULCC in the HKH 

The HKH encompasses a total land area of 3.4 mil¬ 
lion km 2 , more than half of which is rangeland, specif¬ 
ically grasslands and shrubland (Fig. 2.2). Grasslands 
are the dominant form and include alpine pastures and 
meadows. Most of the shrubland used for grazing is 
distributed above the tree line. In addition, forests 
occupy approximately 14% of the region, comprising 
broad-leaved forests, needle-leaved forests and planta¬ 
tions. Around 25% of the area is classified as agricultural 
land. Wetlands cover under 10% of the HKH. 

The most significant LULCC in recent decades has 
been caused by degradation of grasslands and defor¬ 
estation at lower altitudes. Other significant transitions 
have been the transformation of forest and grassland to 
farmland, shrinkage of wetland, and LULCC related to 
urban and infrastructure developments (Cui and Graf 
2009; Jin et al. 2010). In some cases, however, the 
recent implementation of large-scale ecological 


restoration programmes in HKH countries has slowed 
and sometimes even reversed the trend of degradation 
(Cai et al. 2015). 

HKH rangelands support high floristic richness and large 
numbers of wild and domesticated animals. Forests provide 
important altitudinal connectivity for species between low¬ 
land and mountain habitats. The croplands have a diversity 
of mostly mixed farming systems, containing a rich genetic 
diversity of cultivated plants and livestock breeds (ICIMOD 

2009) . Wetlands also provide habitats for several globally 
significant migratory birds (Gujja et al. 2003; Sharma et al. 

2010) . However, when LULCC occurs, the quality and 
quantity of these habitats are impacted, affecting a wide 
range of organisms. 

Extensive research has shown that degradation of grass¬ 
land has spread over the past few decades across the whole 
high-altitude areas of the HKH (Wu et al. 2013). In the 
Tibetan Plateau of China, high-altitude grassland is sensitive 
to disturbance, especially in its drier part, where the removal 
of turf is irreversible. In the north-east portion of the Tibetan 
Plateau, many alpine meadows have been seriously degraded 
since the 1960s (Wang et al. 2008). By some measures, 
‘degraded grassland’ constituted approximately 92% of the 
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total area of usable grassland in 2004, of which severely and 
moderately degraded grassland accounted for 38% and 54%, 
respectively (Wang et al. 2008). Additionally, the areas of 
alpine meadow and swamp meadow decreased by around 
4% and 25%, respectively, in the 1970s and 1980s; they 
decreased by almost another 25% and 35%, respectively, in 
the 1990s (Zhou et al. 2008). 

Wetlands and lakes constitute around 5% of the total area 
of the Tibetan Plateau, but this area decreased by about 5% 
between 1990 and 2000, due primarily (84%) to wetland 
shrinkage (Li and Xue 2010). In contrast, lake expansion 
was also found in some high-altitude belts (Liu et al. 2009, 
2010) such as the source areas, or headwaters, of the 
Yangtze River, Yellow River, and Mekong River in the 
central Tibetan Plateau; this is attributed to glacier melting 
caused by global warming (unpublished data). 

In addition, warm-temperate coniferous forest has nearly 
disappeared from the south-east Tibetan Plateau, mostly due 
to commercial logging before the end of the 1990s (Cui and 
Graf 2009). In the high mountainous areas of Pakistan, the 
forested area decreased by 30% from 1968 to 2007, 
one-third being caused by agricultural expansion (Qasim 
et al. 2013). In the same region, agricultural lands in 
mid-elevation zones expanded by 70% and forests decreased 
by 50%. At lower altitudes agricultural lands more than 
doubled—expanding by 130% and causing a decrease of 
over 30% in the forested area between 1968 and 2007, when 
annual deforestation rates were 0.80%, 1.28%, and 1.86% at 
high, mid- and low altitudes, respectively (Qasim et al. 
2013). An annual loss of 0.2% in forested area has been 
reported for the Indian mountains (Reddy et al. 2013) and of 
0.3% for Myanmar (Leimgruber et al. 2005). However, 
forest cover in Bhutan is increasing at an annual rate of 
0.22% (Gilani et al. 2015). 

Changes in LULCC in HKH, as elsewhere, are caused by a 
combination of natural drivers such as climate change and 
human activity such as land conversion. Recent warming 
trends on the Tibetan Plateau, for example, directly influence 
the extent of permafrost cover and the degree of snow melting. 
Human activities also have intensified rapidly on the plateau 
over the last half century, with significant impact on land use. 
Desertification on the northern Tibetan Plateau is attributed 
almost equally to climatic changes and human activities, with 
climatic factors taking a slight lead (Yang et al. 2004). 
However, the magnitude and the extent of land cover changes 
under future global warming scenarios are difficult to assess 
because of deficits in current global climate models in this 
topographically complex area (Cui and Graf 2009). 

Studies using Landsat images show that climatic change, 
human activities, animal and insect damage, and government 
policies all influence LULCC. During one 16-year study 
period (1994-2010) LULCC was shown mainly to occur 
slowly, and was linked to both natural and anthropogenic 


pressures (Song et al. 2009). Although political tools such as 
key national projects to improve ecological conditions could 
help with revegetation and slow desertification, the harsh 
natural conditions and fragility of this high-altitude region 
make it extremely difficult for degraded land to be rehabil¬ 
itated (Song et al. 2009). 

Policy decisions also influence LULCC in the HKH, as 
elsewhere. The de facto privatized use of wetlands by indi¬ 
viduals or groups of households on the basis of long-term 
leases or selling, for example, has negatively impacted many 
aspects of hydrologic function, landscape conditions, and 
biodiversity in wetlands in the eastern HKH (Narain and 
Singh 2017; Yan and Wu 2005). The uneven spatial distri¬ 
bution of water resources on private lands, in particular, has 
led to the practice of actively extracting groundwater, which 
has lowered the water table. Fencing rangelands to limit 
grazing on expanding sand dunes also has affected some 
landscapes negatively, as consequent year-round use of other 
pastures that previously were grazed only in summer has in 
effect shrunk the overall activity space of some wildlife 
species (Yan and Wu 2005). 

Market-driven changes in crop and livestock production 
strategies equally affect land use in HKH. Over the past 10- 
15 years, five HKH countries (Bhutan, China, India, Nepal, 
and Pakistan) have seen increasing trends in crop diversifi¬ 
cation, generally moving towards horticultural and cash 
crops. Forest transition due to plantations, agricultural 
intensification, and infrastructure development have led to 
many large-scale LULCC in mountains (Xu et al. 2009; 
Sharma et al. 2010). These trends have positive implications 
for the future development of mountain agriculture in terms 
of harnessing mountain niche products with their compara¬ 
tive advantages (Tulachan 2001). 

In the livestock sector, there is a general decline in the 
cattle population across the HKH which could, for example, 
permit greater development of smallholder dairies with 
improved buffaloes in the Himalayan subtropics, and con¬ 
sequently contribute to enhanced food security and nutrition 
in mountain households (Tulachan 2001). In Afghanistan, 
the nature of the topography and arid climate means that vast 
areas are subject to soil erosion (Saba 2001). Loss of veg¬ 
etation and soil humus creates ever drier conditions. Land 
abandonment, poor reclamation schemes, overgrazing, and 
the removal or destruction of vegetation as fuel have all 
contributed to widespread desertification (Saba 2001), which 
further impacts negatively on the pastoral production and 
livelihoods of local people in arid and semi-arid areas. 

2.2.2 Over-Exploitation of Natural Resources 

Exploitation of natural resources is one of the major envi¬ 
ronmental problems and drivers of change in mountains. 
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Over-exploitation includes the destruction of forest and 
shrublands for fuelwood and for commercial timber collec¬ 
tion, overharvesting of non-timber forest products (NTFPs) 
such as medicinal plants, overgrazing, overfishing, and 
unsustainable and/or illegal mining (Dhanai et al. 2015; 
Shrestha and Bawa 2015; Shrestha and Dhillion 2003; Uniyal 
et al. 2002). 

Generally, demands for natural resources increase in tan¬ 
dem with local and regional socioeconomic development. 
Demand pressures are further exacerbated by population 
growth. Together, these two factors are the main (ultimate) 
driving forces leading to over-exploitation in HKH (Poudel 
and Shaw 2015; Tsering et al. 2010). In the medium to long 
term, resource over-exploitation always results in the degra¬ 
dation of ecosystems, often followed by loss of genetic 
diversity and the extinction of species (Kaur et al. 2012). 
A decline in the provision of ecosystem services, including 
the loss of biodiversity, ultimately has disastrous effects on 
human wellbeing. 

2.2.2.1 Extraction of Non-timber Forest Products 
(NTFPs) 

NTFPs contribute significantly to people’s livelihoods in the 
HKH, especially in forest-dependent communities, by 
strengthening or increasing local food security, incomes, 
health, and sustainable human development. There is ample 
evidence of the importance of NTFPs for rural livelihood 
improvement from across the region (Johnson et al. 2013; 
Mukul et al. 2010; Negi et al. 2011; Uprety et al. 2010; 
Yadav and Dugaya 2013). The collection of NTFPs has 
increased in HKH to meet growing demands in national and 
international markets, where they constitute increasingly 
important ingredients in herbal cosmetics, herbal tea, food, 
and medicines (Banjade and Paudel 2008). For example, 
unsustainable and illegal harvesting of NTFPs has been 
reported as one of the major issues in the Kanchenjunga 
landscape, with challenges arising in sustainable conserva¬ 
tion and management of NTFPs (Uprety et al. 2016). In the 
central and eastern Himalaya, unsustainable collection and 
trade in yarsagumba (or caterpillar fungus, Cordyceps 
sinensis )—the world’s most expensive biological resource— 
is regarded as a major driver of its population decline 
(Gruschke 2011; Shrestha and Bawa 2013). 

2.2.2.2 Unsustainable Grazing 

Overgrazing by domestic livestock is one of the main causes 
of degradation of plant and soil resources. By most esti¬ 
mates, the majority of rangelands in the HKH are regularly 
grazed beyond their carrying capacity (Dong et al. 2007; 
2009; Harris 2010; Ho 2001). Overgrazing not only alters 
the vegetation composition, but also has other impacts such 
as soil erosion and degradation, declines in soil nutrient 
content and carbon storage, and altered stream flow regimes 


(Aryal et al. 2015; Dong et al. 2010; Sharma et al. 2014; 
Wen et al. 2013). Livestock grazing in HKH rangelands may 
be unsustainable (sometimes with irreversible damage to 
land and plant resources) not only because of total numbers 
of livestock, but also due to seasonality of grazing patterns, 
short- and long-term grazing intensities, and the composition 
of livestock herds (Ho 2001; Li et al. 2014). 

2.2.23 Illegal Hunting 

Illegal hunting (poaching) and trade in wildlife or wildlife 
parts also are major direct threats to biodiversity, and are 
particularly acute in the region’s protected areas (Katuwal 
et al. 2015; Khan et al. 2016). The threat of illegal hunting is 
most severe for vertebrates such as rhinoceros, tiger, musk 
deer, pangolin, and red panda—driven especially by the 
demand for wildlife parts and products on the international 
market (Kumar et al. 2016). Traditional medicine plays an 
important role in health care in countries such as China, 
Nepal, and India, and while numerous measures have been 
adopted to reduce the use of wild species in traditional med¬ 
icine there is still a growing market demand (Liu et al. 2016). 
Wildlife poaching, combined with retaliatory killing by local 
community members following livestock depredation, have 
the potential to drive species towards local extinction (Simms 
2011). In the case of snow leopard alone, Li and Lu (2014) 
identified a total of 43 instances of traded snow leopard parts 
across China’s borders between 2000 and 2013, primarily 
pelts and some bones, involving 98 snow leopard individuals. 

2.2.2A Tourism 

The HKH has tremendous potential for mountain tourism, 
which can provide alternative, environmentally friendly 
employment opportunities for local communities and con¬ 
tribute positively to their socioeconomic wellbeing. In most 
of the region, however, tourism development is poorly 
planned, often even unplanned, and the development of 
infrastructure such as recreational facilities, guest houses, 
camping sites, and restaurants often have significant nega¬ 
tive impacts on the mountain environment (Dorji 2001; 
Nepal 2005, 2011). Tourism also contributes to ecosystem 
degradation through unregulated disposal of solid waste, 
trampling of soil and vegetation, and locally intensified 
resource extraction. The infrastructure deemed necessary to 
sustain tourism also can negatively affect local aesthetic and 
cultural assets, reducing their value and future tourism 
income potential (Reinfeld 2003; Zomer and Oli 2011). One 
survey about the impacts of adventure tourism in Hinku 
Valley in Makalu-Barun National Park, Nepal, showed vis¬ 
itor numbers, lodges, and other tourist-related infrastructure 
growing rapidly (e.g., from 1 lodge in 1995 to 129 structures 
in 2007), leading to accelerated harvest of subalpine timber 
for lodge construction and shrubs for fuel used in alpine 
tourist lodges (Byers 2014). 
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2.2.2.5 Mining 

Uncontrolled mining operations also can have detrimental 
effects on fragile mountain environments, sometimes 
resulting in large-scale degradation of landscapes and eco¬ 
nomic crises of sustainability. The impacts of mining on the 
natural environment and socioeconomic conditions have 
been studied and documented by several researchers in the 
region (Huang et al. 2009; IUCN Pakistan 2009; Riaz et al. 
2015). Uncontrolled mining practices such as blasting with 
dynamite have led to vegetation loss, soil erosion, and dis¬ 
turbance to wildlife in Pakistan (Donnelly 2004; Wu et al. 
2014a). Coal mining has adversely affected the composition 
and structure of vegetation in the Nokrek Biosphere Reserve 
in Meghalaya, India (Sarma and Barik 2011). Large-scale 
mining, such as in Gyama Valley near Lhasa, China, can 
impact water quality downstream (Huang et al. 2010). 
Excessive riverbed mining for gravel and sand in an 
unplanned, or unregulated manner throughout the Himalaya 
is also a main reason for, or contributor to, irreparable 
damage to HKH river ecosystems (Singh et al. 2016). 

2.2.3 Pollution 

In the popular imagination, the HKH is one of the areas in 
the world least disturbed by human activity, especially by 
pollution. Nevertheless, studies from recent decades provide 
a rather different, thought-provoking perspective and the 
facts are now challenging our traditional thinking (Wu et al. 
2016a). As air pollution will be elaborated in Chap. 11, in 
this section we only summarize the current status and trends, 
and the potential effects, of water and soil pollution in the 
HKH. 

2.2.3.1 Water Pollution: Organic and Inorganic 

Generally, water pollutants—especially inorganic pollutants 
—have already reached unacceptable levels in some HKH 
areas (Wu et al. 2016a). Lead (Pb) pollution in several study 
sites in major river basins including the Salween, Mekong, 
Yangtze, and Yarlung Tsangpo rivers has been found to be 
unacceptably high, and magnesium (Mg), aluminium (Al), 
and iron (Fe) are found in unsafe concentrations (Huang 
et al. 2008). In Manipur and Diphu, India, concentrations of 
arsenic (As) in groundwater have already exceeded the 
permissible limit (Das and Kumar 2015; Devi et al. 2010). 
Similarly, arsenic contamination is severe in Nawalparasi, 
Nepal (Gurung et al. 2005) and downstream areas of two 
major Himalayan rivers in India, the Ganges and Yamuna, 
are severely contaminated by sewage water containing high 
concentrations of several heavy metals (Chakarvorty et al. 
2015). 

Significant variation in water quality is observed in 
freshwater bodies including ponds, lakes, and rivers, 


especially on south slopes of the Himalaya. This may be 
attributed to the multiple sources of pollution including 
domestic sewage, industrial effluents, and runoff from 
activities such as agriculture and mining (Najar and Basheer 
2012; Rashid et al. 2017). Accelerated eutrophication has 
been observed in many lakes, including Dal Lake, Khajjiar 
Lake, Nainital Lake, Anchar Lake, and Khushalsar Lake in 
India (Amin et al. 2014; Najar and Basheer 2012; Najar and 
Khan 2012; Rashid et al. 2017; Saini et al. 2008). In Dal 
Lake, for example, a recent study revealed that it was seri¬ 
ously polluted by chemical fertilizers and pesticides, thus 
unintentionally nutrient-enriched with concentrations of 
orthophosphate phosphorous and nitrate-nitrogen reaching 
46 and 557 jug/L, respectively (Rashid et al. 2017). Pesticide 
use is generally increasing across the region. For example, 
pesticide use in India has grown by 750% since the 
mid-1900s (Evans et al. 2012). Microbial and organic matter 
pollution also threaten the health of water systems in the 
HKH (Merz et al. 2004; Sood et al. 2008; Tong et al. 2016). 
All of these forms of water pollution threaten aquatic bio¬ 
diversity, water security, and ultimately human health, on a 
very large scale through upstream-downstream linkages in 
regional water systems. 

2.2.3.2 Solid Waste and Soil Pollution 

Solid waste has increased dramatically in both rural and 
urban areas of the HKH (Alam et al. 2008). The rapid speed 
of urbanization also means that treatment of solid waste has 
become a challenge to the sustainable development of cities. 
Dangi et al. (2011) reported in Nepal, for example, around 
497 kg per person per day of solid waste is generated from 
households in Kathmandu Metropolitan City. Although most 
waste is organic (Dangi et al. 2011; Pokhrel and 
Viraraghavan 2005), centralized treatment is still very lim¬ 
ited because of inadequate capacity or efficiency of facilities. 
Increasing waste volumes and growing complexity of waste 
streams, which contain large volumes of hazardous sub¬ 
stances, further impact the soils in the HKH and 
downstream. 

On the Tibetan Plateau, the most common heavy metals 
in soils are manganese (Mn) and chromium (Cr). The natural 
concentration of arsenic (As) is also very high at around 
20 mg/kg (Sheng et al. 2012). Along the Qinghai-Tibet 
railway, Zhang et al. (2012b) found that top-soils in many 
areas were contaminated by heavy metals in relatively high 
concentrations, including Cd and Zn. On the south slope of 
the Himalaya, very high concentrations of Zn, Cd, and Pb 
were found in the soil of farmlands near Kathmandu (Zhang 
et al. 2012a). Organochlorine pesticide pollution also has 
been observed in the soils of Nepal at levels ranging from 20 
to 250 ng/g (Yadav et al. 2016). Above a critical level, all of 
these substances are toxic to biodiversity including plants 
and animals, including humans (Osman 2014). 
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2.233 Sources of Pollution 

Almost all relevant studies suggest that pollution in the HKH 
has become increasingly serious (Box 2.3). The sources of 
pollutants can be both anthropogenic and natural, but their 
relative weightings differ across regions (Wu et al. 2016a, b). 
In remote areas with few or no anthropogenic activities, the 
pollutants arrive mainly by long-distance atmospheric 
transport from industrial regions, as well as by the weath¬ 
ering of parent materials (Cong et al. 2010; Sheng et al. 
2012; Wu et al. 2016b). Along railways or highways, the 
fuel from transport vehicles are usually the most significant 
contributors of pollutants (Zhang et al. 2012a, b, 2013). 
Overall, in both rural and urban areas of the HKH, most 
pollution is produced by human activities including the use 
of pesticides and fertilizers, vehicle traffic, and increased 
industrial activities (Atreya et al. 2011; Babel et al. 2011; 
Chakarvorty et al. 2015; Kannel et al. 2011). 


2.2.4 Invasive Alien Species (IAS) 

Biological invasion may result not only in the loss of native 
species but also in an alteration of the extent or quality of 
ecosystem services and processes (Hulme et al. 2013; Sakai 
et al. 2001), which in turn may have drastic negative eco¬ 
nomic consequences (Pimentel et al. 2001). Direct costs of 
such invasions include losses due to reduced productivity in 
agroecosystems, whereas indirect costs are accrued in 
combating invasive species. Many IAS found in the HKH 
are included within a list of the world’s 100 most harmful or 
damaging IAS (Lowe et al. 2000), such as Eichhornia 
crassipes , Lantana camara , Chomolaena odorata , and 
Mikania micrantha. Many other IAS also pose serious 
environmental problems and challenges to regional efforts to 
conserve the environment and to meet sustainable develop¬ 
ment targets. 

2.2.4.1 Status of IAS Studies in HKH 

There are few studies of IAS in the HKH. Most studies focus 
on basic inventories and ecological studies of invasive alien 
plant species (Akter and Zuberi 2009; Khuroo et al. 2007; 
Kosaka et al. 2010; Qureshi et al. 2014; Tiwari et al. 2005; 
Weber et al. 2008). Only several studies have focused on 
invasive alien fauna species (Budha 2015; Sujoy et al. 2010; 
Wan and Yang 2016). 

In Nepal, inventory and assessment work carried out by 
IUCN Nepal has identified 166 naturalized plant species, of 
which 25 are recognized as invasive (Shrestha 2016; Tiwari 
et al. 2005). Recent inventory work carried out in the 
‘Kailash Sacred Landscape’ in western Nepal has specifi¬ 
cally noted 15 plant IAS (Bisht et al. 2016; Shrestha et al. 
2018). In terms of fauna IAS, 64 species have been reported 


Box 2.3 Multiple potential effects of pollution 

Pollution can lead to a series of adverse effects on 
biodiversity, environment sustainability, and human 
health. On one hand, some pollutants are shown or 
predicted to have harmful effects on global biogeo¬ 
chemical cycles, as well as on plant and microbial 
communities. For example, mercury (Hg) on the Tibe¬ 
tan Plateau may play a critical role in biogeochemical 
cycles (Loewen et al. 2007). In addition, pollutants will 
affect different vegetation to varying degrees (Bing 
et al. 2016), including fragile timberline (Luo et al. 
2013; Tang et al. 2015), potentially introducing severe 
threat to ecological resilience. Furthermore, presence of 
heavy metals such as copper (Cu), zinc (Zn), lead 
(Pb) and cadmium (Cd) may lead to the decline of 
culturable bacteria, actinomyces, ammonifying bacte¬ 
ria, nitrobacteria and cellulolytic bacteria in nature, and 
thus significantly affect microbial activities (Zhou et al. 
2013). On the other hand, pollutants can lead directly to 
serious human health problems. Heavy metals are 
usually characterized according to their levels of toxi¬ 
city, persistence, and bioaccumulation, and are widely 
recognized as posing severe threats for human health 
and social sustainability (Cheng 2007; Luo et al. 2015; 
Nabulo et al. 2010; Wu et al. 2016b). For example, 
arsenic (As) is a toxic semi-metallic element that can be 
fatal to humans. The ingestion of inorganic As can 
result in both cancerous and non-cancerous disorders 
and can harm the human nervous, dermal, cardiovas¬ 
cular, gastrointestinal, and respiratory systems. Simi¬ 
larly, microbiological contaminations, especially by 
pathogenic microorganisms, can pose risk to human 
health (Karkey et al. 2016). Moreover, water pollution 
may increase the load of waterborne diseases as well as 


contribute to pollution-induced water shortages, which 
worsen the water situations in the HKH (Karkey et al. 
2016; Schwarzenbach et al. 2010; Zhang et al. 2015a). 
Restricted access to safe water and improved sanitation, 
for example, may cause between 15 and 30% of gas¬ 
trointestinal diseases, and lead to approximately 1.7 
million deaths a year globally [3.1% of all deaths and 
3.7% of all Disability-Adjusted Life Years (DALYs)] 
(Ashbolt 2004; World Health Organization 2009). 
Additionally, a health risk assessment of organochlo- 
rine pesticides in the soils of Nepal suggested that 
exposure through ingestion of soil constitutes one of the 
most likely pathways leading to increased cancer risk 
across the country (Amin et al. 2014). Thus, pollution 
threatens both ecosystem stability and human health. 
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in Nepal, including 7 mammals, 6 birds, 19 fish, 22 
arthropods, 9 molluscs, and one platyhelminth flatworm 
(Budha 2015). 

In Pakistan, Qureshi et al. (2014) have listed 73 species of 
IAS including many that also are widespread and invasive in 
other parts of the world, such as Broussonetia papyrifera , 
Prosopis juliflora , Parthenium hysterophorus , and L. ca- 
mara. All were reported as high-impact invasive land plants. 
Bhattarai et al. (2014) also reported that the diversity (spe¬ 
cies richness) of naturalized plant species increased with 
elevation up to 1100 m asl, and then decreased with further 
gains in altitude. 

Elsewhere, Sekar (2012) identified 190 IAS in 47 families 
and 112 genera distributed across the Indian Himalaya. 
A recent survey by Xu et al. (2012) identified 488 IAS in 
China, with the highest number reported from Yunnan 
Province, but the exact number of IAS distributed in the 
Chinese Himalaya could not be confirmed. There is limited 
information about IAS in Afghanistan, Bhutan, and 
Myanmar. 

2.2.4.2 Pathways of Introduction 

A basic understanding of the major dimensions of intro¬ 
duction pathways of alien plants is important for regulating 
their invasions (Pysek et al. 2011). Some studies have pro¬ 
vided evidence that recent infrastructure developments, 
particularly the construction of roads, has greatly facilitated 
invasions and provided both habitat and potential dispersal 
corridors for exotic plant species in mountainous regions of 
China, India, and Nepal (Bhattarai et al. 2014; Chen et al. 
2012; Kosaka et al. 2010; Xu et al. 2012). Similarly, natural 
and anthropogenic disturbances (such as recreational hiking) 
might act together to facilitate both the introduction and 
spread of exotic species, putting the ecosystems of the region 
at higher risk of invasion and consequent damage or loss 
(Dar et al. 2015; Dobhal et al. 2011). 

Another major dispersal pathway for many IAS in the 
HKH is international trade and human movement (Tiwari 
et al. 2005; Xu et al. 2012). Agricultural inputs, particularly 
seed stocks originating outside the community, are another 
source of invasion (Kunwar 2003). Lack of adequate 
mechanisms to search for IAS and a poor quarantine system 
render the region vulnerable to the threat of IAS. 

2.2.4.3 Major Effects at Ecosystem Level 

Among few studies of IAS in the HKH, most focus primarily 
on IAS status (Barua et al. 2001; Khuroo et al. 2012; Reshi 
and Khuroo 2012) and distribution patterns (Bhattarai et al. 
2014; Khuroo et al. 2010, 2011; Sang et al. 2010; Shabbir 
and Bajwa 2006). The overall impact of IAS in the HKH has 
not been properly studied; however, some adverse environ¬ 
mental impacts have been noted, such as the alteration in 
habitat and species composition that have been experienced 


through the aggressively invasive character of some species 
within some of the region’s ecosystems (Dobhal et al. 2011; 
Dogra et al. 2009; Kunwar and Acharya 2013; Reshi et al. 
2008). Moreover, the abundance of some IAS species has 
led to ecological displacement of native species and caused 
negative impacts on local livelihoods (Rai and Rai 2013; Rai 
and Scarborough 2015). P. hysterophorus , sometimes 
known as carrot grass, is perhaps the most troublesome and 
noxious weed in forest, pasture, wasteland and cultivated 
areas resulting in health-related issues in both humans and 
livestock (Kohli et al. 2006; Rashid et al. 2014). 

Invasive shrubs and vines also pose a major threat to 
forest ecosystems, having a negative impact on their 
regeneration, structure, ecosystem functions, recreation 
opportunities, and wildlife habitat. Increased abundance of 
the unpalatable L. camara , for example, has suppressed 
regeneration of a number of native species, with detrimental 
demographic consequences for several important NTFP 
species in India and Pakistan (Dogra et al. 2009; Dobhal 
et al. 2010, 2011; Kannan et al. 2013; Kohli et al. 2006; 
Rashid et al. 2014). In Chitwan National Park, Nepal, 
M. micrantha has invaded vital habitat for the world’s lar¬ 
gest population of the great one-horned rhinoceros, 
destroying preferred wildlife habitat as well as jungle hiking 
trails. 

In farming systems, M. micrantha also has suppressed the 
growth and yield of a variety of food and cash crops (Shen 
et al. 2013, 2015). The invasive plant Ageratum conyzoides 
equally invades agricultural fields (where it interferes with 
and causes yield reductions in major staple crops) and 
rangelands (where it outcompetes native grasses, causing 
scarcity of fodder) (Kohli et al. 2006). 

In aquatic ecosystems, the rapid increase and spread of 
invasive plants also is a common phenomenon, creating 
great ecological and economic problems in the region (Akter 
and Zuberi 2009; Masoodi and Khan 2012; Wang et al. 
2016; Xu et al. 2006). For example, E. crassipes blocks 
waterways, threatening biodiversity in Ramsar sites and 
damaging people’s livelihoods in many other lake systems 
by hindering boat traffic and restricting fishing opportunities, 
with consequent economic losses (Burlakoti and Karma- 
charya 2004; Ding et al. 2008; Wang et al. 2016). Eco¬ 
nomically valuable native freshwater fish in India, Nepal, 
and Pakistan also are under threat from invasive alien fish 
species such as tilapia (Husen 2014; Khan et al. 2011). 

2.2.5 Mountain Hazards 

2.2.5.1 Types of Mountain Hazards: Earthquakes, 
Landslides, and Erosion 

Mountain regions are high-risk areas, where hazards can 
cause damage, destruction, injury, and death at any time. 



28 


Y. Wang et al. 


Compared with many other mountain areas of the world, in 
the HKH hazards are likely to be more severe as the region 
consists of young mountains that are still growing, making it 
inherently more vulnerable to earthquakes, landslides, and 
erosion. Every year there are on average 76 hazard events in 
the HKH, with the highest number noted in China (25) and 
India (18) (Nibanupudi and Rawat 2012). 

As the HKH is located in tectonically active zones, its 
susceptibility to earthquakes is higher than in lowland areas. 
The 1934 Nepal-Bihar earthquake in Nepal (M w = 8.0), the 
2005 Kashmir earthquake in Pakistan (M w = 7.6), the 2008 
Wenchuan earthquake in China (M w = 7.9), and the 2015 
Gorkha earthquake in Nepal (M w = 7.8) all led to huge 
losses of life and property, and also triggered vegetation 
degradation, landslides, rockfalls, and soil erosion (Lu et al. 
2012; Ministry of Science, Technology and Environment, 
Government of Nepal 2015). There is growing scientific 
consensus globally that a disproportionally high number of 
natural disasters occur in mountain areas, and that these 
regions have become increasingly prone to disasters in 
recent decades (Guha-Sapir et al. 2016; Pathak et al. 2010). 
In addition, following earthquakes, a variety of mountain 
hazards including landslide, debris flow, and dam burst 
floods are more likely to occur over the ensuing one or two 
decades (Cui et al. 2008). 

2.2.5.2 Effects of Mountain Hazards: Casualties, 
Financial Loss, Farmland Loss, Damaged 
Roads 

Mountain hazards can cause many human casualties and 
incur huge economic losses for a region, often constraining 
economic development for many years following events 
(Zhang et al. 2016). In Nepal, it is estimated that landslides, 
floods, and avalanches destroy important infrastructure at an 
annual cost of around USD 9 million, and causing about 300 
deaths per year (DWIDP 2005). In Afghanistan, 362 people 
were killed or reported missing, 192 injured, and 100,000 
displaced as a consequence of flash floods in 2005 (Xue et al. 
2009). The annual economic losses caused by landslide 
hazards in the Himalayan area is estimated at more than 
USD 1 billion, which is about 30% of the total economic 
losses caused by landslides worldwide (Li 1990). 

The constraints of mountain topography mean that most 
residential regions are located in valleys where flatter and 
more accessible lands are found. These areas are at high risk 
of landslides, debris flows, and flooding. Similarly, arable 
land is very limited in mountainous regions because of 
constraints of terrain; most farmland is reclaimed land on 
terraced slopes or along rivers and on alluvial fans. Although 
necessary for most farming, irrigation also increases soil 
moisture and changes the stability of slopes, thus leading to 
increased risk of sliding or collapse of terraced slopes, or of 
being buried at the foot of slopes. 


Road construction in general is a large and complicated 
endeavour, which must always consider and respond to 
different geomorphologic and geologic conditions. Con¬ 
struction projects are often at risk from different kinds of 
geohazards. Road construction introduces high fills, 
high-cutting slopes, and waste, which disturb the geologic 
environment along the road and compromise the stability of 
hill slopes. Even when landslides occur only at one or a few 
points along the road, they can destroy or block entire sec¬ 
tions of road and affect much larger transportation networks 
and connections. For instance, the Sun Koshi landslide, 
which occurred in Nepal on 2 August 2014, destroyed the 
Araniko Highway for only a short distance (2 km). As a 
result, however, the entire highway—a major trade link 
between China and Nepal with trade exchange of nearly 
NPR 38 million (nearly USD 370,000) per day—was 
blocked for almost 2 months (Zhang et al. 2017). 

Various other forms of damage from natural hazards occur 
as well. For example, tourism is affected by mountain hazards 
in several ways. Both the natural and cultural landscapes may 
be damaged or destroyed, including ancient architectural 
monuments, which may be difficult to recover or rebuild. 
Mountain hazards can also damage the infrastructure in 
scenic areas (including transport routes, communication 
lines, and accommodation); thus the numbers of tourists that 
can visit an area may be reduced dramatically as a result. The 
2015 Gorkha Earthquake in Nepal caused damages and los¬ 
ses to tourism in the amount of NPR 81,242 million (nearly 
USD 790 million). It is estimated that the number of tourists 
decreased by 40% in the first year following the earthquake, 
though is likely to have recovered back to 80% of 
pre-earthquake numbers in the second year after the earth¬ 
quake. The overall loss of direct tourism revenue was esti¬ 
mated to be over NPR 47 billion (nearly USD 456 million) 
from the time of the earthquake to March 2016. A broader 
accounting of losses in tourism income, including air trans¬ 
port, trekking, tour operations, restaurants, and the costs of 
debris removal, has estimated tourism-related losses to have 
amounted to NPR 62.4 billion (nearly USD 606 million) 
(SafeNEPAL 2016). Similarly, it is estimated that the Jiuz- 
haigou earthquake in August 2017 in Sichuan, China, which 
resulted in the temporary closure of Jiuzhaigou National 
Park, led to the loss of direct tourism revenue in the millions 
of USD and damage of natural scenic landscapes including 
forests, lakes and waterfalls (China News Service 2017). 

2.2.5.3 Impact of Mountain Hazards Amplified 
by Climate Change 

The frequency and magnitude of mountain hazards will 
increase under the impact of climate change; and in com¬ 
bination with growth in the population and economy, the 
risk of mountain hazards will increase dramatically (Cui 
et al. 2014). For the HKH, climate change is very likely to 
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strongly impact the hydrological cycle, which is predicted to 
alter rainfall patterns and intensity, as well as the frequency 
of extreme precipitation events. Extreme rainfall is generally 
believed to trigger mountain hazards. For example, changing 
monsoon patterns in South Asia, including increased 
severity and frequency of storms as projected by climate 
models, may not only directly threaten agricultural produc¬ 
tion and the livelihoods of millions of people, but could also 
destroy critical infrastructure by way of mountain hazards 
induced by storms (Moors and Stofifel 2013). Increased 
water flows accelerate river erosion by destabilizing valley 
slopes, with dramatic effects where slopes are saturated with 
water after prolonged intense rains, and sediment is then 
deposited elsewhere. In addition to causing sediment transfer 
and deposition elsewhere, riverbank erosion changes stream 
channel morphology and can easily lead to cascading haz¬ 
ards in mountain areas and beyond (Cui et al. 2014). 

For its part, global warming reduces snow cover, melts 
glaciers, and degrades permafrost. Related biophysical sys¬ 
tems are thus being affected through enlargement and 
increased number of glacial lakes, increasing ground insta¬ 
bility in permafrost regions, and rock avalanches (Pathak 
et al. 2010). Glacial lake outburst floods (GFOFs) result in 
numerous casualties and property damage in the HKH. An 
investigation in 1999 and 2005 by ICIMOD and its partners 
showed that there were 8790 glacial lakes covering a total of 
801.83 km 2 in the HKH, of which 203 lakes were potentially 
dangerous and could pose a GFOF threat in the future (Ives 
et al. 2010). As vegetation development is a slow process at 
such high altitudes, these sites may remain unprotected 
against erosion for decades or even centuries (Fusun et al. 
2013). Fandslides and debris flows thus pose long-term 
threats to settlement and infrastructure in many places. 

2.2.6 Climate Change and Variability 

As a key driver of changes in mountain sustainability today, 
climate change is interacting in complicated ways with many 
other important drivers—globalization, population growth, 
urban expansion, and local land use change—all of which can 
have significant ramifications (see Chap. 3 for full details). 
Climate change has environmental and social impacts that are 
likely to increase uncertainty in water supplies and agricul¬ 
tural production for human populations across the HKH. 
Changes in temperature and precipitation could have serious 
implications for biodiversity and the goods and services 
derived from ecosystems (Chettri and Sharma 2016). Climate 
warming is leading to visible effects in the HKH, with indi¬ 
cations of changes in phenology, and with reduced agriculture 
production in some of the major crops in some parts of the 
HKH (Hart et al. 2014; Webb and Stokes 2012). 


2.2.6.1 Environmental Effects 

Our discussion of primary impacts and hazards associated 
with climate change in the HKH—changes in hydrology, 
permafrost, and mountain environments—will summarize 
studies embodying a wider range of climate scenarios and 
projection. Observed climate changes in the HKH (espe¬ 
cially higher regional temperatures) have already affected 
biological and ecological systems directly and indirectly, 
coupling with other anthropogenic drivers. Hydrological 
processes are also altered by climate change, which as a 
result lead to change in carbon sequestration and nitrogen 
deposition, as well as in human livelihoods and consumption 
(Singh et al. 2011). 

Hydrology 

Changes in hydrology can impose great challenges to human 
society and natural ecosystems (see Chaps. 3, 7 and 8 for full 
details). Glaciers in the HKH have been retreating continu¬ 
ously since the 1970s, with an accelerating rate of retreat in 
the past decades (Bajracharya et al. 2011; Ding et al. 2006; 
Fujita et al. 2008; Pu et al. 2004; Takeuchi et al. 2009; Yao 
et al. 2007). Upstream snow and ice reserves in the HKH 
have been affected substantially by climate change (ICI- 
MOD 2011; Shrestha and Aryal 2011). River discharge is 
likely to increase for some time because of accelerated 
melting, which indirectly affects the water availability and 
food security of large human populations (Immerzeel et al. 
2010; Nepal and Shrestha 2015). On the Tibetan Plateau, for 
example, glacial retreat has caused hydrological changes, 
including river runoff increasing over 5.5% (Yao et al. 
2007), and the water level of most lakes rising by up to 
0.2 m yf 1 (Zhang et al. 2011), accompanied by surface 
expansion of many lakes (Fiu et al. 2009, 2010). Thorough 
analysis of the impacts of climate change on future water 
availability in these basins is thus needed, and could 
immediately affect climate change policies where transition 
towards coping with intra-annual shifts in water availability 
is desirable (Futz et al. 2014). 

Permafrost 

The potential impacts of thawing permafrost (see Chap. 7 for 
full details) remain largely unknown for most of the HKH 
(Valerio et al. 2008). The extensive permafrost is highly 
sensitive to temperature changes, resulting in significant 
warming, thawing, thinning, and retreat throughout the HKH 
in recent decades, especially on the Tibetan Plateau (Yang 
et al. 2010). Fong-term temperature measurements have 
indicated that the lower altitudinal limit of the permafrost has 
moved upwards by 25 m at Xidatan in the interior of the 
plateau during the last 30 years and upwards by 50-80 m 
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along the Qinghai-Kang Highway, located on the eastern 
edge of the plateau, over the last 20 years (Cheng and Wu 
2007). In the Khumbu (Everest) Himalaya, apparently the 
permafrost lower limit has risen 100-300 m between 1973 
and 1991, then stabilized at least until 2004 (Fukui et al. 
2007). 

Mountain-specific environments 

Mountain environments, in particular the HKH, are poten¬ 
tially vulnerable to the impacts of global warming because 
the combination of high sensitivity to climate change and 
limited possibilities for species migration to favourable 
locations renders mountains as “islands” in a “sea” of sur¬ 
rounding lower-lying ecosystems (Busby 1988; Frey et al. 
2011; Shrestha et al. 2012). In the high-altitude regions of 
the HKH, glacial melt is affecting hundreds of millions of 
rural dwellers who depend on the seasonal flow of water, 
with more water available in the short term but less in the 
long run as glaciers and snow cover shrink and disappear. In 
Nepal, data from 1980 to 2015 show that floods, landslides, 
and epidemics were the main causes of disaster-related 
human loss (Carpenter and Grimewald 2016). Many recor¬ 
ded GFOFs in this region have caused severe socioeconomic 
damage (Hasnain 2007; Richardson and Reynolds 2000). 
Many risk assessment studies recently carried out in the 
Himalaya have identified ice avalanches from advanced 
glacier tongues and ablation of dead ice beneath moraine 
ridges as potential GFOF triggers (Bolch et al. 2008; Fujita 
et al. 2008; ICIMOD 2011; Watanabe et al. 2009). 

Climate change has synergistic effects with many of the 
other primary threats or constraints to biodiversity. With 
enhanced temperature and reduced precipitation, for exam¬ 
ple, alpine meadows and shrubs may migrate to places 
higher up the mountains. However, this process will be 
constrained by environments that do not have soils of suf¬ 
ficient depth for anchorage and nutrient storage. Grabherr 
et al. (1994) estimated that a 0.5 °C rise in temperature per 
100 m elevation could lead to a theoretical shift in altitudinal 
vegetation belts of 8-10 m per decade (Grabherr et al. 
1994). In the eastern Himalaya, this altitudinal shift is 
expected to be around 20-80 m per decade (based on current 
estimates of temperature increases of around 0.01-0.04 °C 
per year) with greater shifts at higher altitudes, as the rate of 
warming is expected to increase with altitude (ICIMOD 
2009). Wetlands will shrink in response to high evaporation, 
which will be further exacerbated by the expansion of set¬ 
tlements and other human activities. The rising temperature 
of water bodies renders them more suitable as habitats for 
invasive species that outcompete native species and syner- 
gistically interact with climate change to threaten native 
organisms (see Sect. 2.2.4). 


2.2.6.2 Socioeconomic Effects 

Coupled with social, economic, and political stresses, cli¬ 
mate change could have serious cascading effects with 
potentially catastrophic consequences, including adverse 
impacts on ecosystem services supply, as well as on the 
agricultural productivity, human health, and livelihoods of 
the millions of people living in the region (Ariza et al. 2013) 
—particularly where they are dependent upon natural 
resources (Rautela and Karki 2015). Declining natural 
resource availability and uncertainty introduced by climatic 
variability pose a threat to mountain sustainability in the face 
of an already declining natural resource base. 

Agriculture 

Agriculture is the direct or indirect source of livelihood for 
over 70% of the population of the HKH, and a substantial 
contributor to national incomes (Tiwari 2000). Changing 
precipitation patterns, reduced runoff in the major river 
basins, and increasing temperatures will simultaneously put 
additional pressure on available water resources and increase 
agricultural water demand for rainfed and irrigated crops, 
thus increasing competition for water for agriculture, 
industry, and human consumption (Hanjra and Qureshi 
2010). Agriculture in this region is mostly rainfed (about 
60%; World Bank 2016) and therefore vulnerable to changes 
in timing and frequency of precipitation. Besides water 
availability, crop yield depends on a number of biophysical 
processes and variables (such as thermal stress, humidity, 
solar radiation, nitrogen stress, ozone, and the fertilization 
effect of C0 2 ) and their complex, nonlinear interactions 
(Challinor et al. 2009). Extremes in floods and droughts 
through much of the upcoming century may destroy the food 
production base of the region (Bruinsma 2003). Fischer et al. 
(2002) expected a temperature increase of 1.5-2.5 °C to lead 
to a decline in the agricultural productivity of crops such as 
rice, maize, and wheat. Climate changes are predicted to 
reduce the livelihood assets of rural people, alter the path 
and rate of national economic growth, and undermine 
regional food security due to changes in natural systems and 
impacts on infrastructure. 

Human wellbeing 

Climate change affects the environment as well as social and 
economic developments in the region. It exacerbates the 
difficulties already faced by vulnerable indigenous commu¬ 
nities, including political and economic marginalization, loss 
of land and resources, human rights violations, discrimina¬ 
tion, and unemployment (Chavez et al. 2014). The conse¬ 
quences of biodiversity loss from climate change are likely 
to be worst for the poor and marginalized people who 
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depend almost exclusively on natural resources. Poverty, 
poor infrastructure (roads, electricity, water supply, educa¬ 
tion and health care services, communication, and irriga¬ 
tion), reliance on subsistence farming and forest products for 
livelihoods, substandard health (high infant mortality rate 
and low life expectancy), and other aspects of development, 
render the HKH even more vulnerable to climate change as 
the capacity to adapt is inadequate among the inhabitants 
(Manandhar et al. 2018, Negi et al. 2012). 

Furthermore, climate change, land use transition, and 
environmental migration in the HKH have impacts on social 
relations between nations, social classes, ethnic groups, and 
individual families as they increasingly struggle for access to 
essential resources. This combination is a significant source 
of potential as well as actual violent conflicts (Agnew 2011; 
Aryad et al. 2013; Bhusal and Subedi 2014; Hsiang et al. 

2011) . The impacts on human health are similar (Sharma 

2012) , as most emerging human diseases are driven by 
human activities that modify ecosystems or otherwise spread 
pathogens into new ecological niches (Taylor et al. 2001). 
Such modifications or alterations in ecosystems generally 
lead to large-scale land degradation, changing the ecology of 
the diseases that influence human health and making people 
more vulnerable to infections (Collins 2001). Decisions 
about change of land use, whether in response to climate 
change or other factors, are thus also human health decisions 
(Xu et al. 2008). 

Migration 

Yet another threat to human wellbeing is “forced environ¬ 
mental migration” of populations that can occur as a result of 
environmental phenomena caused by changes in the Earth’s 
climate (Ramos et al. 2016). In some instances, rural farmers 
migrate to the city and there are consequent labour shortages 
in rural areas, leading to socioeconomic difficulties in the 
rural agroeconomy (Sann Oo 2016). However, livelihoods in 
the Himalaya have traditionally depended on a multitude of 
strategies, including available ecosystem goods and services, 
but typically also encompassing external activities such as 
trade and labour migration. Yet changes in ecosystem ser¬ 
vices following environmental or socioeconomic change will 
clearly affect mountain livelihoods, and therefore are likely 
to impact migration numbers and patterns (Banerjee et al. 
2014). If the incidence and magnitude of extreme events 
such as droughts and floods increase, there could be 
large-scale demographic movements and ultimately trans¬ 
formation. The annual rate of increase in migration in the 
countries of the HKH has been disturbingly high, and the 
number of internally displaced people also is expected to rise 
significantly. 


2.3 Sociocultural Drivers of Change 
to Mountain Sustainability 

2.3.1 Changing Demographic Situation 

Demographic processes such as population growth and 
decline, changes in age distribution and education, social 
and spatial mobility (migration), and concentration of 
activities at market-based cities and local centres (urban¬ 
ization) are the result of environmental and economic drivers 
and exert impacts on both. In environmental terms, demo¬ 
graphic oscillations increase the demand and consumption of 
natural resources, and change land use, with the risk of 
degradation by overuse or underuse. In socioeconomic 
terms, demographic changes contribute to the transformation 
of social relations and structural changes in mountain 
economies. In either case, the changing demographic situa¬ 
tion has both quantitative and qualitative impacts. 

Sociodemographic changes are in turn affected by a range 
of factors such as technological innovation, institutional and 
financial conditions, and climate change. The availability 
and quality of natural resources, as well as trends in their 
exploitation, can equally influence demographic processes. 
The biophysical environment has two functions for human 
beings: it guarantees their physical existence and livelihoods 
and is at the same time a resource for economic activities and 
exchange in a given (and transforming) society. The com¬ 
bination of these two functions generates a continuous ten¬ 
sion between use and preservation and defines the human 
impact on the environment. This is important for the ques¬ 
tion whether mountains should mainly serve for its inhab¬ 
iting population or for the downstream consumers and global 
visitors. Thus, the number of humans, population growth 
rates, and especially the population distribution are good 
proxies both of the pressures that human communities face 
and that they are placing on the Earth. The sociodemo¬ 
graphic and environmental interdependencies are complex 
and remain poorly understood (DeSherbinin et al. 2007). For 
example, rapid population growth and poverty are often 
blamed as being the main twin causes of deforestation, yet 
recent large-scale deforestation in South Asia is largely 
driven by agricultural enterprises and accompanying road 
construction along with local and regional migration 
(DeFries et al. 2010; Rudel et al. 2009). 

The total population in the mountains and hills of the 
HKH region was approximately 225 million in 2015 (United 
Nations 2015b). Of the eight member countries, India has 
the highest population distributed within the HKH (50.31 
million), followed by Bangladesh (45.55 million), Afgha¬ 
nistan (33.33 million), Pakistan (32.16 million), Nepal 
(28.83 million), China (20.48 million), Myanmar (13.32 
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Fig. 2.3 Population density in the HKH 


million), and Bhutan (0.78 million). Although China is the 
most populated country in the world, its HKH population 
(mainly on the Tibetan Plateau) is much less because of the 
high altitude and harsh environment with limited agricultural 
opportunities. Population is most dense along the southern 
fringe of the HKH including Nepal and India, the Chittagong 
hill tracts in Bangladesh, and the upper Indus Basin in 
Pakistan (see Fig. 2.3). 

Almost all countries/territories in the region have experi¬ 
enced a steep decline in fertility in recent decades, which has 
resulted in a lower rate of population growth (World Bank 
2015). The mean annual growth rate of most regional coun¬ 
tries in 2015 ranged between 1% and 2%, but was higher in 
Afghanistan (2.8%) and Pakistan (2.1%) and lower in China 
(0.5%) and Myanmar (0.9%) (United Nations 2015a). During 
the period from 1960 to 2014, the total fertility rate (births per 
woman) declined, with the lowest in China (1.6) and the 
highest in Afghanistan (4.8) and Pakistan (3.6), and the other 
countries with a total fertility rate of between two and three 
children (World Bank 2015). Conscious efforts to limit fer¬ 
tility through increased knowledge about contraception, 
together with decreasing infant mortality, are important fac¬ 
tors in controlling high fertility rates (United Nations 2003). 
Conversely, life expectancy at birth within the eight regional 
countries rose remarkably in recent decades, exceeding 
70 years in China (76), Bangladesh (72), and Nepal (70) and 
reaching nearly 70 years in Bhutan (69), India (68), and 


Pakistan (66) Afghanistan has the lowest life expectancy 
(60 years). However, it should be noted that, in 1960, life 
expectancy in none of the eight countries exceeded 50 years. 
Compared to the global average, people in developing 
countries normally have shorter lives (United Nations 2012). 
To a certain extent the observed changes in life expectancy at 
birth are partial indicators of improving socioeconomic 
development in this region. 

Although the population of the HKH is mostly rural, the 
urban population increased rapidly in the last three decades 
due to processes of urbanization, industrialization, and rural- 
urban migration. The urban population in China rose from 
16 to 56% during the period from 1960 to 2014 (United 
Nations 2014). In 2014 all other countries in the region had a 
similar percentage—between 30% and 40%—except Nepal 
(19%) and Afghanistan (27%) (United Nations 2014). While 
the regional urban population grew rapidly during the 20th 
century, the next few decades will see an unprecedented 
scale of urban growth, putting more pressure on land cover, 
natural resources, ecosystem services, and social services. In 
most established or formal urban areas, access to water 
supply and sanitation services is believed to be better than in 
rural areas. In some peri-urban areas, however, residents 
have little access to safe drinking water or adequate 


^ee: https://data.worldbank.org/indicator/SP.DYN.LEOOJN. 
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sanitation services, increasing the danger of water- and 
sanitation-related diseases (United Nations 2014; World 
Water Assessment Programme 2009). 

In terms of age dependency ratios (i.e., percentage of 
working-age population), Afghanistan (87%), Pakistan 
(65%), and Nepal (62%) are ranked at the top, with China at 
the bottom (37%). This indicates that larger workforces could 
be provided in these countries if better educational opportu¬ 
nities were available. Rapid population growth, combined 
with economic difficulties, pushes people to cities. A declin¬ 
ing and ageing population induces countries or regions to 
accept migrants, who are typically willing to work at much 
lower wages than native workers (Hoermann and Kollmair 
2009). The net implication of these demographic processes is 
clear: the HKH will have substantially more people in vul¬ 
nerable urban areas in the next 20 years. The migration from 
rural to urban areas also results in consumption and dietary 
changes, which may further contribute to increased pressures 
on many ecosystems (de Sherbinin et al. 2007; Dietz et al. 
2007; Romanelli et al. 2015; Tilman et al. 2005; see 
Sect. 2.4.3 ‘Urban and peri-urban expansion’ in this chapter). 

In the HKH, migratory populations include traditional 
groups of subsistence-level pastoralists and agriculturalists, as 
well as family groups and individuals seeking greater 
opportunities and refugees fleeing the consequences of armed 
conflict or natural disasters (Hoermann and Kollmair 2009; 
Tiwari and Joshi 2015). People who have become new refu¬ 
gees because of wars, in particular, often pass through camps 
or informal settlements, leading to the proliferation of infor¬ 
mal communities on the fringes of cities (UNHCR 2015). In 
these situations the arrival of additional people may exacer¬ 
bate resource scarcity (e.g., water and agricultural land), strain 
the capacity of the urban infrastructure, and even result in 
conflicts with local communities. It is believed that climate 
change, which is predicted to lead to greater frequency and 
intensity of extreme weather events, is likely to result in 
increased migration and possibly to an overall increase in the 
displacement of people in the future (Tiwari and Joshi 2015). 

2.3.2 Changing Sociocultural Situation 

Cultural drivers of change have existed in the HKH for as 
long as cultural communities have inhabited the region. 
Some scholars (Cordaux et al. 2004; Gayden et al. 2007) 
have understood the HKH to be a great, fixed geographical 
barrier impeding or restricting the flow of human gene pools 
(Box 2.4). However, viewing the HKH from a 
historical/cultural lens, it could be found that the strategic 
location of this formidable mountain chain is at the inter¬ 
section of South Asia, East Asia, and Central Asia as a 
facilitator for the historic emergence of distinct cultural and 
politico-economic groups. 


Box 2.4 Culture as a driver 

Culture can be broadly defined as the way a community 
lives at a certain point in time (Kalman 2009). Culture 
shapes people’s perceptions, judgments, ideas of self 
and other, and human relationships (LeBaron 2003). To 
apprehend culture, one has to look at the way living is 
“performed”—by articulations of shared as well as 
contested ideas, beliefs, and values through the ways in 
which relationships between people as well as between 
people and “things” manifest themselves via practices 
and representations—at levels both “mundane” and 
“out of the ordinary” (Kien 2009). In discussing the 
cultural drivers of change in the HKH, a critical element 
to highlight is that while culture itself is always in the 
making, in the process “culture” also alfects or changes 
its own members or participants. New forms of articu¬ 
lations and practices indicate emerging aspirations, 
desires, capabilities, and forms of resistance among the 
culture’s participants. At the same time, such changes 
can engender or encourage physical movements of its 
participants to and away from a particular location. This 
can be seen, for example, in the phenomenon of 
rural-to-urban and hills-to-plains migration, wherein 
changing value systems and agents of modernity elfect 
dislocation. The elfects of this process of cultural 
change can happen in multiple places simultaneously, 
or more gradually and unevenly. These changes also 
can affect the ways in which people relate to the sur¬ 
rounding natural landscapes. 

Such people and groupings, traditionally reliant largely 
on locally adapted forms of agropastoralism and trade, 
generally have deep interdependence with distant popula¬ 
tions and societies located on either side of the mountain 
chain (Bauer 2004; Furer-Haimendorf 1975; Olschak et al. 
1987). For example, among the many Tibeto-Burman cul¬ 
tural and ethnolinguistic communities spread across the 
HKH, the local material cultures and political economies 
grew for several centuries in the midst of a complex web of 
interdependence, with much larger cultural and political 
spheres extending both to the north and the south of the 
Himalaya (Gerwin and Bergmann 2012; Shaky a 1999). This 
growth of cultural communities in the HKH was essentially 
premised upon interactions and movements of people; items 
of trade, religion, art and folk cultures; and emerging polit¬ 
ical formations (Cacopardo and Cacopardo 2001; Handa 
2001). Such interactions, with cultures, technologies, and 
polities outside the HKH, have always been the critical 
cultural drivers of change within the HKH. 

However, the pace of changes in the materiality, values 
and aspirations, and social relations (i.e., the key effects of 
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cultural drivers) among the communities of the HKH has 
accelerated exponentially since the 20th century. Through¬ 
out the region, the 20th century was a period of great 
political, economic, social, and cultural transformation. It 
saw the emergence of nation states all over Asia and, with 
that, the bid to integrate peripheral regions such as those of 
the HKH into national mainstreams (Bose and Jalal 2004; 
McCauley 2016). In the last three decades, globalization has 
also been making deep inroads into the HKH, facilitated by 
liberalizing economies, better connectivity, and transnational 
flows of media and tourism (Bauer 2004; Hodge 1991; 
Hodges et al. 2014; Jodha 2005). At the same time, fluid 
movements and long-standing relations between borderland 
communities for trade, pilgrimage, pastoralism, and often 
also kinship became more and more constricted because of 
the tightening of borders, and in many places they eventually 
became completely cut olf from one another (Bauer 2004; 
Harris 2013; Hoon 1996). 

Overall, increased connectivity, increasing penetration by 
the state and markets, geopolitical developments, global¬ 
ization, and the spread of new technologies have engendered 
many new kinds of interactions, imaginations, aspirations, 
and practices in the communities of the HKH. Just as in the 
past, these processes of interaction between the local com¬ 
munity and the world beyond form the cultural drivers of 
change. Numerous studies from the HKH show that these 
processes occur in deeply intertwined ways and are heavily 
interdependent, and thus need to be studied together. Hodge 
(1991), Kreutzmann (1993, 2004), Banskota et al. (2000), 
Aggarwal (2004), Bauer (2004, 2005), Bergmann et al. 
(2008), Ueda and Samdup (2010), Demenge (2012), Harris 
(2013), Howard (2013), Toflin and Pfaff-Czamecka (2014), 
and Grocke (2016) are some good, in-depth studies laying in 
sharp relief the complex, material ways in which members of 
various HKH communities experience, contest, and negoti¬ 
ate interactions with the aforementioned agents of change. 

The establishment and growth of state-supported institu¬ 
tions of local governance and the implementation of state 
policies—on sectors ranging from education to health care, 
natural resource management to primary infrastructure 
development—are fundamentally contingent upon the 
improvement of connectivity of these rugged regions, both 
in terms of physical access and communication technology. 
Additionally, connectivity has also been to shown to link 
these mountain communities to national, regional, and glo¬ 
bal flows of commerce, media, consumptive choices, labour, 
and tourism (IUCN 2017). As connectivity, the reach of state 
apparatus, and globalization increase, they cause significant 
changes in the realms of (1) social relations between dif¬ 
ferent strata of communities, (2) traditional livelihoods and 
their relation to the local and broader socioecological sys¬ 
tems, and (3) power dynamics in terms of gender, social 
background, and age among community members. 


It may be futile, though, to attempt to label the effects of 
cultural drivers of change in the HKH as completely positive 
or negative. The interactions enabled by enhanced connec¬ 
tivity occur in the “sticky materiality” of pre-existing 
socioecological landscapes and thereby have “awkward, 
unequal, unstable, and creative” effects, often in unintended 
ways (Tsing 2005). There have been some unquestionably 
positive developments in many cases, such as improving 
access to education and general health care, new livelihood 
opportunities, breaking down of oppressive traditional hier¬ 
archies, and improved awareness and practices around 
maternal health and sanitation. However, the sociocultural 
drivers of change have also brought in their wake develop¬ 
ments such as the loss of traditional knowledge and folk art 
forms, haphazard road and building construction, breakdown 
of traditional sociopsychological support systems in the face 
of difficult times, and a growing sense of alienation (Foggin 
2016). With the increasing spread of connectivity, govem- 
mentality, and globalization, many parts of the HKH have 
also faced increasingly volatile and sometimes violent 
geopolitical conditions over recent decades (Agrawal et al. 
2016; ICIMOD 2012). There is therefore a need to create 
locally sensitive modes of development that help to 
empower local communities to make decisions regarding 
their lifeworld, while respecting the opportunities and limi¬ 
tations imposed by the geoclimatically diverse landscapes of 
the HKH (Hodges et al. 2014). 

2.3.3 Governance Systems and Institutions 

Mountain areas of the HKH have not remained isolated from 
development interventions brought in by government and 
non-government agencies. At the same time, the region has 
experienced environmental degradation with resulting 
socioeconomic problems such as water scarcity, crop 
depredation, and scarcity of fuelwood and fodder. Moreover, 
this has happened in the last few years despite growing 
awareness of the importance of maintaining environmental 
health, especially in mountains. The question that needs to be 
asked is: what led to this situation? Is it wrong policy adopted 
by central and provincial governments? Is it changing 
developmental aspirations of people? Is it the failure of tra¬ 
ditional institutions that regulated the use of environmental 
goods and services until recently, or the failure of modem 
institutions that replaced them to maintain sustainability? 
Some scholars feel that it is likely due to a failure of devel¬ 
opment agencies to consider interventions from a “mountain 
perspective” (Ives 2013; Price 2015) especially in regard to 
inaccessibility, marginality, fragility, diversity or hetero¬ 
geneity, niche or comparative advantage, and human adap¬ 
tation mechanisms (Jodha 2000, 2005). The autonomy and 
flexibility of decentralized traditional institutions at the 
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community/local level in the HKH, as well as natural 
resource endowments, have helped communities adapt to 
changes in the past, and these attributes should therefore be 
preserved and strengthened into the future (Foggin 2018). 

In the rural areas of HKH natural resources are an 
important component of sustenance for local communities, 
and the various institutional arrangements that have evolved 
over the years represent communities’ ways of adapting to 
the vagaries of nature. However, over time the infrastructural 
and physical changes have been accompanied by socioeco¬ 
nomic changes, followed by political as well as adminis¬ 
trative changes, with a clear impact not only on how natural 
resources are managed, but also on how local communities 
look at and treat them. The shift from decentralized own¬ 
ership, as well as access to centralization, has made this 
region vulnerable to large demands on goods and services 
made available by mountain ecosystems (Jodha 2005). 

A majority of the inhabited areas in the HKH are facing 
challenges of sustainable development. This situation has 
been caused partly by the precarious state of environmental 
governance, wherein for many reasons regional governance 
systems are largely unable to address environmental issues. 
These include fragmented governance, where informal and 
formal governing institutions are not synchronized; lack of 
involvement from financial institutions in considering a 
“bigger picture” before they support external investments; 
and the proliferation of environmental agreements, often in 
conflict with trade agreements or practices. All these issues 
hinder proper functioning of regional governance. For 
example, high demand for mountain niche products can result 
in over-exploitation and thereby lead to degradation. With no 
policy in place and no institutional mechanism to implement, 
monetary incentives result in the breakdown of local institu¬ 
tions. Similarly, although most areas in the HKH are experi¬ 
encing the phenomenon of depopulation due to migration, the 
population of the plains is growing continuously (along with 
aspirations), which itself has also had growing direct impli¬ 
cations for the exploitation of natural resources in the 
mountains. 

Lack of integration of sector policies, which is common 
to all HKH member countries, has been exacerbated by 
inadequate institutional capacities in mountain regions, 
including local governments and local communities (Agra- 
wal et al. 2016; Foggin 2008; ICIMOD 2012). The absence 
of a gender perspective, and of values of equity and partic¬ 
ipation in governance, has led to an inability to persuade and 
influence the public and win the support of public opinion 
(UNEP 2002, 2008). Generally, environmental problems are 
embedded in very complex systems, of which our under¬ 
standing remains quite weak (Underdal 2010). Because of 
the time lag between human action and environmental effect 
(hysteresis), the shift from awareness to action sometimes 
can take as long as a generation. Thus, governance— 


especially regional governance—has been overlooked by 
most member countries, although verbal assent can often be 
heard (Agrawal et al. 2016). 

2.3.4 External Knowledge and Technological 
Innovations 

In addition to local tacit knowledge about the environment 
and its management, which has developed over millennia, 
the accessibility to and penetration of modem science and 
technology are amongst the key driving forces behind the 
three pillars of mountain sustainability. Both the generation 
and dissemination of traditional and scientific knowledge 
and associated technologies have significant implications for 
both conservation and development. Technological imple¬ 
mentation can have both positive and negative effects on the 
environment and human wellbeing (Nelson et al. 2006). This 
can be seen, for example, in increasing food production, 
improved accessibility of mountain communities to the 
external world, and also changes in human consumption 
patterns. Generally, in the remote mountains of the HKH, 
inadequate access to appropriate technologies and scientific 
knowledge is one of the causes (through their absence) of 
poverty and natural resource degradation (Maikhuri et al. 
2011), along with weak systems for communication and 
dissemination of knowledge. In the following sections, a few 
innovative areas of technology with major influence on 
mountain societies are highlighted. 

2.3.4.1 Information and Communications 
Technology (ICT) 

ICT is instrumental in reshaping and transforming numerous 
aspects of the world’s economies, governments, and soci¬ 
eties, and is becoming one of the fastest-growing industries 
in the global economy in the 21st century (Bailer et al. 
2016). Increased availability of information and 
knowledge-sharing platforms is key to fostering socioeco¬ 
nomic development and also increases awareness about 
environmental issues, related government legislations, and 
subsidies (Thapa and Sein 2010; QBE Asia Pacific 2017). 

The mountain communities in the HKH suffer from lack 
of access to basic resources, services, and relevant infor¬ 
mation (Akhtar and Gregson 2001). However, various 
agencies working in the region, including governments, 
non-governmental organizations (NGOs), and public and 
private entities have shown a growing interest in promoting 
and using information and technologies to improve people’s 
quality of life and their livelihoods, to link the HKH with 
markets outside the region, and to reduce the marginalization 
of mountain communities (Thapa and Sein 2010). 

Within the HKH, there are significant differences in terms 
of the number of mobile subscribers who have used mobile 
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internet services. Highly advanced markets such as China 
already show above 40% of the population using mobile 
internet services, followed by India (22%). However, less 
than 20% of the populations of Myanmar, Bangladesh, 
Pakistan, Nepal, and Bhutan have used mobile internet ser¬ 
vices. This naturally leads to a great potential for the 
emerging markets within the region, in terms of mobile 
internet subscribers, when identifying growth opportunities 
(GSMA Intelligence 2015). 

Increased availability of information and 
knowledge-sharing platforms are key to fostering socioeco¬ 
nomic development (Thapa and Sein 2010) as well as 
enhancing environmental governance, associated with gov¬ 
ernmental legislation and the development of cleaner tech¬ 
nology (IUCN 2017). There is increasing evidence that ICT 
tools such as radios, internet, TV, and e-magazines are being 
used for communicating and information sharing (Adhikari 
et al. 2006). ICT tools also are being used to simplify 
technical information and to share more accurate and 
up-to-date information with different communities (Baral 
et al. 2006). Use of ICT for agro-advisory services and early 
warnings in disaster situations has also emerged as an 
effective adaptation measure to deal with the impacts of 
climate change, weather irregularity, and geo- or biodisaster 
planning (Bailer et al. 2016; QBE Asia Pacific 2017). 
Another important use for these technologies concerns mit¬ 
igation of remoteness, whether social or geographic, partic¬ 
ularly in relation to increasing people’s accessibility to 
education, healthcare, and natural risk warnings and rescue. 

23 . 4.2 Geospatial Technology and Improved 
Regional Perspectives 

Geospatial technology also is recognized as an effective tool 
for planning, management, and decision making locally, 
regionally, and globally. The rapid development of geospa¬ 
tial applications has allowed it to be used widely for map¬ 
ping LULCC; to predict agricultural productivity and natural 
disasters such as landslides, avalanches, and glacier change 
(Manfre et al. 2012); and to plan transportation networks and 
environmental protection (Ingole et al. 2015). 

A large temporal and spatial variability in ecological and 
socioeconomic aspects exists across the HKH with respect to 
geographical, physical, socioeconomic, and cultural param¬ 
eters. To understand such large variability in the region and to 
successfully use that information to predict changes and apply 
effective natural resource management practices, it becomes 
essential to use technology that allows access to data over 
large scales and which provides a platform for integrating 
geographic data with sociocultural and economic factors. 

In the last two decades, ICIMOD and its regional and 
international partners have successfully applied geospatial 
and allied technologies for understanding glacier dynamics 
in the context of climate change, forest fire monitoring with 


SMS alerts, land cover change assessment for natural 
resources, deforestation and forest degradation monitoring, 
vegetation shift and corridor identification in transboundary 
landscapes, disaster information management and flood early 
warning systems, and agriculture monitoring for food secu¬ 
rity analysis (Bajracharya et al. 2007; Li et al. 2017; Qamer 
et al. 2016; Uddin et al. 2016). GIS platforms and analytic 
tools also are being used to monitor changes in natural 
ecosystems (Chaudhary et al. 2014; Gilani et al. 2017). 

2 . 3.43 Biotechnological Applications 

in Agricultural Production Systems 

Biotechnology has evolved rapidly to address the existing 
problems of food, health, and environmental security (Pad- 
manaban 2003) and conserving biodiversity (Joshi et al. 
2009). It is being used in medicinal and aromatic plants 
(Adhikari 2011; Joshi et al. 2009; Juyal et al. 2014), forestry, 
and agriculture with the development of pest-resistant or 
drought-resistant seeds, high-yield varieties, biofertilizers, 
biopesticides, and biofuels. There is no common opinion on 
this topic, neither between countries nor at the regional level; 
and not even amongst all the authors of this chapter. The 
topic is highly contested (see, e.g. for Burkina Faso, Le 
Monde 2015). In Switzerland, for example, environmental 
organisations and small scale farmers (who are located 
especially in mountains) have enforced a moratorium of 
genetically modified (GM) organisms until 2021. Con¬ 
versely, several HKH countries see plant and animal GM 
organisms as powerful tools that hold the promise of 
improving the productivity, profitability, and sustainability 
of farm systems, including those in poor districts (Adhikari 
et al. 2006; Cohen 2005; Delmer 2005). 

Biotechnology has potential benefits as well as risks when 
applied to agricultural crops. Its proponents say that the 
introduction of genetically modified crops has reduced the 
spread of diseases, yet there remain concerns regarding the 
reduction of native crop genetic diversity due to GM plant 
breeding programmes (Li et al. 2016; Rauf et al. 2010). GM 
approaches also have generated questions about their possi¬ 
ble negative consequences on health, society, and the envi¬ 
ronment (Akumo et al. 2013; Fisher et al. 2015; Shahzadi 
et al. 2015). Negative health implications for farmers due to 
increased exposure to toxins, and to allergic reactions, have 
also been reported in some studies (Debyani and Neeta 2012; 
Prakash et al. 201 1). Critics also argue that the interactions of 
GM organisms (GMOs) with existing biodiversity are not yet 
clarified and therefore unsafe, or at least ill-advised according 
the precautionary principle. Additionally, GMOs are sterile 
and farmers therefore must continuously buy seeds from the 
copyright holding companies, rendering them both finan¬ 
cially and technologically dependant. External knowledge 
also begins to replace regional mountain knowledge (Forster 
et al. 2013; Public Eye 2017). Furthermore, dependency on 
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external private enterprises endangers the sovereignty of 
national states in issues of food (De Schutter 2010; UNCTAD 
2009). It will be important to look at the biosafety aspects of 
using new varieties, which may interact with the environment 
to produce sterile seeds and affect local terrestrial and aquatic 
populations. A balanced view also demands that even with 
the new CRISPR (Clustered Regularly Interspaced Short 
Palindromic Repeats) technologies, coexistence with organic 
farming must not be inhibited—that is, the option to return to 
earlier non-GM ways in the future must always be kept open 
(Niggli 2016). 

Extension of agricultural land use coupled with replace¬ 
ment of traditional staple food crops by cash crops, modem 
and high-yielding varieties, and improved cultivars within 
existing cropping systems (Agnihotri and Palni 2007; Bard- 
sley and Thomas 2005; Rana et al. 2009; Saxena et al. 2005) 
is driving the loss of genetic diversity (Xu and Gmmbine 
2014) and associated traditional farming knowledge. The 
replacement rate of local seed (landraces) has increased with 
distribution of modem seed varieties (Rana et al. 2009). In 
the Humla district of Nepal, rice subsidies over the past 
30 years have increased dependence on this staple crop, 
resulting in the decline in cultivation of indigenous cereal 
crops such as barley foxtail, panicum and finger millets, 
buckwheat, amaranth, and beans (Roy et al. 2009). 

In the western Himalaya a shift in land use (from sub¬ 
sistence farming to commercial farming), particularly the 
cultivation of vegetables and fruits as cash crops and the 
continued use of high-yield crop varieties, has become the 
principal reason for erosion of genetic diversity (Agnihotri 
and Palni 2007; Rana et al. 2007; Sharma and Chauhan 
2013) and degradation of natural resources (Saxena et al. 
2005). Although cash crops have brought substantial eco¬ 
nomic benefits to local farmers (Saxena et al. 2005), the shift 
from highly diverse systems to monoculture agriculture also 
has promoted the excessive and often indiscriminate use of 
chemicals and pesticides (Kala 2014). Furthermore, the loss 
of biodiversity could compromise the potential to obtain 
improved varieties which could help people adapt to 
changing conditions in the future. 


2.4 Economic Drivers of Change 
to Mountain Sustainability 

2.4.1 Economic Growth and Differentiation 

Rapid economic developments have occurred in most HKH 
countries, creating national and local economic opportuni¬ 
ties. Increased trade, tourism, resource extraction, and labour 
migration have opened avenues for income generation and 
local development; yet large challenges come with these 
changes (Box 2.5). 


Box 2.5 Challenges of economic development in 
the HKH 

Poverty in the HKH is still widespread (Gerlitz et al. 
2012) and inequalities between highland and lowland 
—due to unequal access to markets, inadequate 
infrastructure, and failed or insufficient policies that do 
not sufficiently incorporate mountain specificities—are 
increasing. 

Indigenous people and ethnic or religious minori¬ 
ties—a significant part of the population of the HKH 
—generally benefit less from economic development 
than the larger population group in urban centres. 
Instead, indigenous people are often the most under¬ 
privileged and vulnerable groups in the mountains 
(Gerlitz et al. 2012; Lama et al. 2010). 

Despite efforts to promote regional economic inte¬ 
gration and transboundary exchange, the HKH 
remains one of the least integrated regions in the 
world. The borderlands, while creating opportunities 
for some, continue to constitute significant barriers for 
exchange. Subsistence and non-monetized economies 
still play an important role, especially for pastoralists 
in the high altitudes around these national borders. 

Mountainous areas are also often zones of insta¬ 
bility and conflict (such as in Kashmir or north 
Myanmar) (Starr 2006) with significant shadow or 
conflict economies (for example, human trafficking 
and illicit trade in timber, precious stones, and drugs). 

Informal economic activities, especially in rural 
parts of the HKH, play a considerable role in local 
livelihoods but their relative contributions are hard to 
estimate. 

The countries of the HKH have made remarkable eco¬ 
nomic achievements in the last decades. Since the initiation 
of market reforms in 1978 and the shift to a market econ¬ 
omy, China has experienced rapid economic development 
with an average annual gross domestic product 
(GDP) growth of nearly 10%, a rise in GDP from USD 
148.4 billion in 1978 to USD 10.9 trillion in 2015, and a rise 
in GDP per capita from USD 980 in 1990 to USD 14,200 in 
2015 (World Bank 2016). Between 1990 and 2005 alone, 
China lifted 470 million people out of extreme poverty 
(Wang et al. 2015). South Asia, mainly driven by the eco¬ 
nomic development of its largest economy, India, has also 
experienced robust economic growth; and, with a regional 
average GDP growth of 7.1% in 2016, is now the 
fastest-growing developing region worldwide. 2 


2 See: http://www.worldbank.org/en/news/press-release/2016/04/09/ 

south-asia-fastest-growing-region-world-vigilant-fading-tail winds. 
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Despite these impressive national growth figures, eco¬ 
nomic development in the region varies both among and 
within countries. China’s mountainous HKH provinces 
(Xizang/Tibet Autonomous Region (TAR) and Yunnan, 
Gansu, Qinghai and Sichuan provinces) lag far behind the 
coastal provinces both in terms of per capita GDP and rate of 
poverty reduction (Fang and Ying 2016). In India there is no 
consistent trend, with per capita income in some mountain 
states above the national average (e.g., Himachal Pradesh) 
and others severely below (e.g., Manipur, Assam, Jammu, 
and Kashmir). 

Social instability and prolonged conflicts have notably 
hampered the performance of some countries (Afghanistan, 
Pakistan, and Myanmar), and states that are largely moun¬ 
tainous (Nepal and Bhutan) are also lagging behind. 
Mountain people in the HKH remain economically vulner¬ 
able; sustainable development efforts have not produced the 
desired outcomes; and mountain poverty in the HKH is still 
widespread (Gerlitz et al. 2015). 

The vast majority of mountain people in the HKH are 
dependent on agriculture and animal husbandry; but growing 
population numbers have put additional stress on already 
limited mountain resources and have increased the work¬ 
force to the extent that it cannot be absorbed by traditional 
farming systems. In Nepal, for example, nearly 
three-quarters of the labour force is dependent on agricul¬ 
ture, which contributes to only 37.4% of GDP (Nepal and 
Henning 2013), while employment opportunities outside the 
farm sector are stagnating and the economy is characterized 
by a low salary structure (Shrestha 2008). In this respect, one 
livelihood strategy for mountain people is migration to 
national urban centres, more industrialized Asian countries, 
and the Gulf States. The remittances migrants send home are 
significant sources of income for households in mountain 
areas throughout South Asia. In Nepal, they amount to more 
than one-third of national GDP and are a major factor con¬ 
tributing to a balance of payment crisis (Shrestha 2008). 
Additionally, much of the potential labour force is then 
missing to sustain the traditional agricultural systems, which 
are degraded by underuse. 

In addition to remittances, other external financial con¬ 
tributions are essential for the HKH. For example, in India, 
several hill states receive special subsidies through the Hill 
Area Development Programme and other schemes, while the 
economies of China’s mountainous provinces such as 
Xizang/TAR rely heavily on subsidies and assistance from 
Beijing (Jin 2015). Official international development 
cooperation is also an important source of revenue for some 
HKH countries such as Afghanistan, Bhutan, Bangladesh, 
and Nepal, with foreign development grants accounting for 
significant shares of the annual national budget. While large 
contributions come from outside the region, regional coop¬ 
eration also is growing. India and China are the largest 


contributors; in 2015-16 India allocated more than 80% of 
its USD 1.6 billion foreign aid budget to South Asia, with 
63% going to Bhutan alone (Piccio 2015). 

Hydropower development (e.g. in Bhutan) and resource 
extraction generate significant national or local revenues, but 
they can also lead to environmental degradation (e.g., timber 
extraction in Pakistan; Ali and Benjaminsen 2004), the 
withdrawal of the economic basis of pastoralists (see, e.g., 
Rousselot 2015 for Lesotho in Africa), and local conflicts 
(Agnew 2011; Global Witness 2015). 

Leisure and religious tourism also contribute to the eco¬ 
nomic development of the HKH and have become signifi¬ 
cant drivers of socioeconomic and environmental change. 
Since Bhutan introduced tourism in 1974—with the primary 
objective of generating foreign exchange revenues (Dorji 
2001) —the number of tourists has climbed sharply from 287 
to over 7000 in 1999 and more than 155,000 in 2015; 
tourism now generates annual revenues of over USD 70 
million (Tourism Council of Bhutan 2015). In Nepal, with 
its spectacular mountain scenery and its rich Hindu and 
Buddhist heritage, tourism has become one of the country’s 
strongest industries. It generates employment opportunities 
as well as foreign exchange earnings and GDP growth, while 
also having positive effects on the demand for goods and 
services, transportation, and communication infrastructure 
(Gautam 2011; Paudyal 2012). Tourism is an important 
contributor to the state economy of Himachal Pradesh, India, 
and to Xizang/TAR, China, where tourist numbers—facili¬ 
tated by improved rail and air transport to Lhasa in recent 
years—reached 9.25 million in 2014 and generated revenues 
of CNY 11.2 billion yuan (USD 1.79 billion) (Xinhua 2015). 
Herein, we can also clearly see huge risk for potential 
over-exploitation. Tourism related to summit expeditions 
(e.g., Mount Everest), alpine trekking, and visiting notable 
landscape features has become a global export product, but 
also can create localized conflicts with local populations 
because of use conflicts (Naitthani and Kanthola 2015; Rao 
et al. 2000) or problems of over-exploitation (with violent 
attacks between expedition members at Mount Everest in 
April 2013). Second homes owned by rich multilocal people 
from Mumbai, Delhi, and the Gulf States also are sprawling 
into the unstable hills around Nainital/Uttarakhand, India 
(Tiwari and Joshi 2016). 

Regional and transboundary trade are important for both 
mountain countries and mountain people along the borders. 
For example, driven by Chinese demand, Yarsagumba or 
caterpillar fungus (Cordyceps sinensis) has become one of 
the most important sources of cash incomes for mountain 
people in large parts of the Tibetan Plateau and the India, 
Nepal, and Bhutan Himalaya (Winkler 2009). Complicated 
border procedures, insufficient border infrastructure, and a 
complex socio-political environment, however, mean that 
regional trade performs well below its potential, and South 
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Asia remains one of the most un-integrated regions in the 
world (Ahmed and Ghani 2015). 

The South Asian Association for Regional Cooperation 
(SAARC) and the South Asia Subregional Economic 
Cooperation (SASEC) Program, aimed at improving regio¬ 
nal economic opportunities and fostering connectivity with 
China and Southeast Asia through Myanmar, still have a 
long way to go before the mountain people of the HKH can 
genuinely benefit. Other large regional and international 
initiatives also attempt to increase regional connectivity and 
economic integration: 

• India’s ‘Look East’ policy has gained new momentum 
with the opening of Myanmar since 2012; 

• Pakistan and China are creating an economic corridor 
with considerable investments in infrastructure and 
energy generation in Pakistan’s mountainous provinces; 

• China announced a modem version of the ancient Silk 
Road with its ‘One Belt, One Road’ initiative that aims to 
connect large parts of Asia with Europe and East Africa 
through maritime (belt) and overland (road) connections; 
and 

• Bangladesh, China, India, and Myanmar are establishing 
an economic corridor that will eventually connect Kun¬ 
ming in China’s Yunnan Province with Kolkata (India) 
via Mandalay (Myanmar) and Dhaka (Bangladesh). 

It is too early to estimate the full impact of these large 
initiatives, but they are likely to shape socioeconomic 
dynamics in the HKH for decades to come. In light of this 
increasingly rapid globalization and because of the con¬ 
straining mountain specificities of fragility, marginality, and 
inaccessibility, further economic integration requires strong 
and mountain-specific policies to avoid increased depen¬ 
dencies and inequities in highland-lowland exchanges 
(Jodha 2000, 2005). 

As in similar cases in history and in other parts of the 
world, these economic development processes go hand in 
hand with a differentiation and polarization in society 
whereby more active and dynamic families can profit from 
open and enlarged markets and new demands, while 
lower-performing individuals or households become 
increasingly dependent on low-wage jobs or are forced to 
out-migrate, at least temporarily (e.g., Sherpa society in the 
Khumbu area) (Jacquemet 2017). We see similar processes 
in other mountain resort towns, such as several waves of 
resort development in the European Alps in the late 19th 
century and from the 1960s to the present, and in the Rocky 
Mountains in Canada and USA since the 1980s (Glorioso 
and Moss 2006). 


2.4.2 Rapid Infrastructure Development 

In 1994, the World Development Report argued that good 
infrastructure can raise the overall economic performance of 
a country, contribute to poverty reduction, and help to 
improve environmental conditions when the provision of 
service infrastructure responds efficiently to demand (World 
Bank 1994). Further studies have demonstrated the positive 
correlation between infrastructure, income levels, and (rural) 
development (Calderon and Serven 2004; Cook 2005). 

In recent decades, increased access to and within moun¬ 
tainous areas in the HKH because of the creation of hard 
infrastructure has indeed been a powerful driver of change. 
The expansion of roads and road networks has played the 
most important role and helped to reshape socioeconomic and 
political relations within mountain areas, and also between 
mountains and the downstream centres of population. While it 
is generally assumed that access (especially through roads) 
represents opportunities for development, it also can con¬ 
tribute to increases in resource extraction from mountainous 
areas, growing dependencies on markets in the lowlands, 
pollution and environmental degradation, out-migration, and 
(potentially) sociocultural conflict. Also, as the level of 
infrastructure development varies, the impacts derived and 
pace of development are distributed unequally between and 
within regions (Kohler et al. 2001; Kreutzmann 2004). 

Comprehensive data on infrastructure in the HKH are still 
not available. While the South Asian region faces an 
infrastructure gap of USD 1.7-2.5 trillion until 2020 (Biller 
et al. 2014), no consistent estimates are available that 
demonstrate how much of this amount needs to be invested 
in mountain infrastructure. Also, access to infrastructure 
within and among South Asian countries is extremely vari¬ 
able, but in general accessibility is lower in countries with 
large areas of mountainous geography, low rates of devel¬ 
opment, and long internal conflicts, such as Afghanistan and 
Nepal (Biller et al. 2014). 

Difficult geography, high construction costs, the prox¬ 
imity to sensitive national borders, and a lack of economic 
incentives for central planners mean that physical infras¬ 
tructure in the mountains has long been underdeveloped. 
Early road expansion in the eastern and western Himalaya 
was guided more by strategic and military interests than by 
an aim of providing better transport facilities for mountain 
people. Since the 1990s, however, many of these roads have 
become accessible to civilians, and the network of roads 
accessible to motor vehicles has expanded, providing access 
to hitherto remote and inaccessible mountain valleys, such as 
Pakistan’s Gilgit-Baltistan or north-eastern India (Das 2008; 
Kreutzmann 2004). 
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While Nepal had only 2700 km of road in the early 
1970s, the official road inventory in 2011 listed approxi¬ 
mately 11,000 km of strategic roads and 60,000 km of rural 
roads. However, only half of the strategic road network and 
5% of the rural network are paved (World Bank 2014). 
Bhutan, which began road development in the early 1960s, 
now has a road network of 10,578 km built mainly with 
outside support and comprising 2436 km of national high¬ 
ways and expressways; 1190 km of district roads; 5257 km 
of rural farm roads; 350 km of urban roads; 667 km of forest 
roads; and 678 km of other access roads (Asian Develop¬ 
ment Bank and Royal Government of Bhutan 2014). 

The high investment costs in engineering and materials 
and the geographical conditions in the HKH, with its high 
mountain passes and frequent river crossings, have hindered 
road development. In addition, heavy monsoon rainfalls in 
parts of the HKH, human impact through deforestation or 
building construction (Haigh and Rawat 2011), and weak¬ 
ened slope stability due to increased road development itself 
(as in China’s western Yunnan Province; Sidle et al. 2014), 
cause numerous landslides along mountain roads (see 
Sect. 2.2.5, Mountain hazards). The resulting high cost for 
road maintenance means that many mountain roads are in 
poor condition. The summer rainy season and heavy winter 
snowfalls also make many roads impassable for much of the 
year. Access and connectivity in the HKH therefore cannot 
depend only on paved and unpaved mountain roads; it also 
depends on a network of trails, suspension bridges, and 
ropeways. Porters and animal transport by donkeys, yaks, 
and yak crossbreeds also still play an important role in 
higher elevations and remote areas (Starkey 2001; Wu et al. 
2016b). Additionally, air transport is indispensable—espe¬ 
cially in remote and otherwise inaccessible areas—often 
with small airports and untarmacked runways. 

The only country in the HKH with established major 
railways to and in the mountains is China. A spectacular 
railway with large parts of the tracks on permafrost on the 
Tibetan Plateau connects Golmud (Qinghai) with Lhasa 
(Xizang/Tibet) was opened in 2005 and was recently 
expanded to Xigaze (Shigatse) in 2014. 

The potential for hydropower in the HKH exceeds 500 
GW (Vaidya 2012). Harnessed properly, this energy could 
trigger a socioeconomic transformation and have a tremen¬ 
dous impact on the lives of mountain people. However, 
despite the high potential for hydropower, the energy 
economy in the region is still weak and characterized by 
limited access to clean and modern energy services, low per 
capita consumption, a relatively high consumption of 
non-commercial biomass, and a high and growing depen¬ 
dency on imported fossil fuels (Asian Development Bank 
2013; Shrestha 2013). Energy poverty is high (Rasul and 
Sharma 2015) and electricity (apart from in China) is 
available to only half of the population in the HKH (Vaidya 


2012). A strategy for strong tourist development increases 
the needs for energy and may serve as a driver the extension 
of hydropower installations in Nepal and India (Fort 2017; 
Naitthani and Kanthola 2015). 

In the future, energy poverty could be minimized and a 
strong driver for change in the mountains could be promoted 
by: 

• Modern technologies that increase the efficiency of 
fuelwood (still the most important source of energy for 
many mountain people, both for cooking and heating) 
and decrease related carbon emissions; 

• Decentralized small-scale hydropower development; and 

• Better local, national, and regional grid connectivity that 
could also facilitate hydropower export (but this should 
be used carefully, and mainly as a means of 
supra-national cooperation under the aspect of supply 
security 3 ; if it is developed under a merely commercial 
logic, it risks severe environmental damage and social 
challenges). The further extension of new sources of 
energy such as active and passive solar energy also is 
very important. 


2.4.3 Urban and Peri-urban Expansion 

Urbanization in the HKH is an independent driver with 
cross-cutting impacts on the three pillars of mountain sus¬ 
tainability. Urbanization is understood here in a sociological 
sense, which includes demography, migration, and the dif¬ 
ferentiation to market economies; it considers especially the 
socioeconomic processes at play in a given territory (Bren¬ 
ner and Schmid 2014). More succinctly, urbanization 
encompasses the overall processes of association of people, 
and concomitantly the movement from generalist towards 
specialisation—with societies in urban or peri-urban settings 
largely dependent on broad division of labour and exchange 
of services. 

Urbanization should not be confounded with urban 
expansion, urban sprawl, or the creation of cities and 
agglomerations—phenomena which are only part of the 
comprehensive social process of urbanization. This umbrella 
term is more comprehensive and includes aspects which are 
not directly visible, such as temporary outmigration (multi¬ 
locality), second homes for leisure, or internet-based 


3 In Bhutan, hydropower export to India is already a major source of 
revenue. Nepal, on the other hand, is currently a net importer of 
electricity from India despite an abundance of hydropower resources 
(Asian Development Bank 2013). For longer discussion on the problem 
of the impacts of the use of hydropower on local populations, see 
Rousselot (2015) and Agnew (2011). 
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activities in areas which at first sight look purely “rural”. In 
this section it is not possible to consider all aspects of 
urbanization, and we focus mainly on processes related to an 
ongoing concentration of jobs and people in local centres, 
cities, or urban agglomerations which often show a spatial 
sprawl, concomitantly with a relative depopulation in 
regional peripheries. Over the last three to four decades, 
human settlements in the HKH have grown both in numbers 
and in size, with small villages transforming into larger 
towns and former towns into major metropolitan areas 
(Ghosh 2007; Pandit 2009). 

Urbanization is, on one hand, the consequence of both 
global and regional socioeconomic driving forces. A global 
division of labour, production, and trade increases the shift 
of labour from manual work to more complex organization, 
logistics, and commercial services, as can be observed in 
societies of developed countries in North America and 
Europe (Fourastie 1989 [1949]). There is a widespread, 
global tendency towards the concentration of populations in 
dense agglomerations (UNFPA 2007). However, the trajec¬ 
tory of urbanization in the HKH is unique: unlike in the 
European Alps, for example, the HKH is not comprised of a 
single or uniform economic space, as multiple national 
borders and the regional geopolitical constellation of States 
in HKH play an important role. 

Temporary and permanent outmigration from the region 
with dependencies on foreign remittances is said to be the 
highest in the world, due largely to enormous disparities in 
wealth (Karki et al. 2012). In contrast, global outdoor tour¬ 
ism induces the growth of urban agglomerations, resorts 
towns, and urban infrastructure such as airports. Small and 
medium-sized local centres in the hills play a specific and 
particularly important role for the peripheries, as they are 
privileged places for the introduction of public infrastruc¬ 
ture, health services, and technologies, and also for con¬ 
sumer goods. Tourism can thus introduce a market society 
and simultaneously weakens local agrarian society that has 
long been based at least partly on subsistence. Both the 
internal and external frameworks of HKH societies consti¬ 
tute the drivers for an urbanization that follows a combina¬ 
tion of both global tendencies and HKH specificities. 

On the other hand, urbanization is itself also a driver of 
change. Existing towns attract people by promising better 
livelihoods and income, more individual freedom, and larger 
social networks. The functional division of labour allows 
cities to create economies of scale (agglomeration econo¬ 
mies) which enables cities to concentrate more economic 
wealth. Agglomeration economies allow them to create jobs, 
attract reinvestments and remittances, and encourage people 
to migrate from the rural hinterlands in search for a better 
life. In cities, space is scarce, and this results in higher 
buildings made of concrete instead of the locally manufac¬ 
tured brick. Cities change the nutrition regime of the local 


population who use refrigerated, imported food instead of 
supplies from local markets. However, the converse also is 
possible, and agglomeration diseconomies may occur such 
as increasing pollution, congestion, or insecurity. In such 
instances, the growth poles may then shift to other 
agglomerations (cf. Krugman 1991; Marshall 1890; 
Moriconi-Ebrard 1993; Pumain 1999; Richardson 1995; 
Storper 1995, among many others). 

In order to evaluate and interpret urban development and 
urbanization it is important that analysis is not restricted to 
just the high altitudes. Quantitative and qualitative analysis 
and mapping of the HKH requires the large agglomerations 
in the foothills to be included, as these lowland areas are 
primary drivers for regional and international exchange, 
guarantee accessibility to the mountains, and also attract 
people from the mountains. These mountain-lowland link¬ 
ages have become crucial in the mountain ranges of the 
developed countries with mountain ranges such as the Alps 
(Perlik 2018); they are even more important in mountain 
regions where national borders play such critical roles as in 
HKH. One very significant observation from the European 
Alps is that the lowland-mountain relationship has contin¬ 
uously to be renegotiated. In particular this relationship 
defines the demands of the urban population in the lowlands 
for specific mountain resources, and the need of the moun¬ 
tain population to be protected against natural hazards as 
well as territorial insecurity. These mutual dependencies and 
benefits need to be balanced fairly. 

In the HKH we see similar spatial processes as in the 
mountains of the developed countries of the Global North. 
Similar phenomena affect the environment and society, such 
as the decline of agricultural subsistence economies as a 
consequence of the rapid increase in tourism (Jacquemet 
2017) or second home residences (Tiwari and Joshi 2016). 
The latter generally are premised on, or require, integration 
of mountains in the national and international economy, 
increased division of labour, and investments in construction 
and infrastructure. Dynamic urban development also is often 
observed along international transport routes (for instance 
along the Karakoram Highway) (Karrar 2013). 

There are, however, two important specificities in the 
HKH. The first is the different development trajectory that 
has occurred due to the historic path of colonization, 
post-colonial constellations, and Cold War geo-strategies in 
the Himalaya. The emergence of the states of China, India, 
and Pakistan gave rise to the territorialized border regions 
and the development of a decentralized infrastructure, as 
well as new trade relations. Today, the Himalaya has a new 
position as a large hinterland in relation to the hotspots of 
globalization with their fast-growing economies. The second 
difference is the time lag with which urbanization is intro¬ 
duced or occurs (hysteresis) in the region. As urbanization 
takes place in a period of global exchange, where the main 
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manufacturing sites of the world have become centralized 
outside the mountains, the modern development of mountain 
areas is narrowed on leisure, tourism, raw materials, and 
water (Perlik 2018). In some places this delay may to a 
certain degree prevent some forms or the extent of toxic 
pollution in mountains, but it also can enlarge the impacts 
from global tourism, hydropower dams, and abandoned 
agriculture. Such hysteresis also means that decision centres 
even for mountain urban agglomerations are almost entirely 
located in the lowlands, where mountains are often seen as 
inferior or backward and thus mountain challenges are 
aggravated. 

While urbanization and urban development in the HKH 
can be explained largely on the basis of similar mechanisms 
and drivers as seen globally, in the framework of global 
change and also considering the consequences of the 
regional HKH trajectory along with certain standard urban 
patterns (e.g. nation building with a national capital, the 
effects of global tourism, abandonment and concentration of 
local markets), certain other processes are specific to the 
HKH. These include, for example, early forms of territori- 
alization with garrisoned armed forces, creation of centres of 
international logistics, and the presence and actions of global 
development and environmental NGOs. Five functional 
urban patterns can be observed in the HKH. 

2.4.3.1 National and Regional Capitals 

National and some regional capitals follow their own inter¬ 
ests and often compete for status as global cities. They also 
are perceived as high-end “Central Places” which hold the 
highest functions and services, in the interest and for the 
prestige of the whole country. They define national standards 
of economic activities and the range of consumer goods 
available. They also are the only diversified places in the 
frame of urbanization, and they attract all kind of workforces 
(from unskilled workers to highly qualified specialists) from 
other parts of the country as well as expat populations. As 
such, national resources are disproportionally concentrated 
in these places. As mountain regions rarely hold such capital 
functions, at least on a global scale, they are often at a 
relative disadvantage. In the HKH, however, the majority of 
national capitals lie within the mountain perimeter. Only 
China, India, and Bangladesh have their national capital 
outside the mountain ranges, yet China still invests dispro¬ 
portionally in Lhasa and TAR, and India has given Uttar¬ 
akhand the status of a federal state. In Nepal the mountain 
part of the country, including Kathmandu, is clearly also 
considered more important than the lower-lying plains. 

2.4.3.2 New Hotspots of Territorialization 

Even small and medium-sized towns may be involved in a 
dynamic growth process whereby—whether by chance or 
due to the development of new infrastructure—they become 


connected to national and international decision making. 
This can be the case when they suddenly find themselves in 
the centre of a regional conflict, or as they become centres 
for logistics, administration, or a new border crossing. With 
the opening of the Karakoram Highway in Pakistan in 1978, 
for example, a number of adjacent settlements rapidly gained 
significance. The population of the city of Gilgit grew from 
18,000 in 1972 to 57,000 in 1998, and together with its rural 
hinterlands it has seen a population growth from 145,000 in 
1998 to an estimated 222,000 in 2013 (Kreutzmann 1991; 
UN-HABITAT 2010). Such numbers are a clear indicator of 
a large in-migration that has taken place because of new 
infrastructure, and in some instances also due to insecurity 
and/or resource degradation elsewhere in the country. 
A similar development takes place in cities and settlements 
which have become focal points of military deployment or 
hubs for logistics and foreign aid. Kunduz, in the foothills of 
the Hindu Kush, had about 74,000 inhabitants in the 1960s, 
but this grew to 268,893 in 2012 (GoIRA 2015). The city 
now hosts troops and services related to troops, ranging from 
independent translators to large companies, and it also is a 
place for shelter-seeking refugees and NGOs caring for 
them. Development strategies to reinforce global tourism 
also result in the enlargement or new construction of inter¬ 
national airports (e.g., at Pokhara) (Fort and Adhikari 2018; 
Rimal et al. 2015). 

2.4.3.3 Old Urbanization with Own Production 
Systems 

Shimla in Himachal Pradesh was chosen as the capital of 
British India during the colonial era because of its milder 
climate. Following independence Shimla lost this privileged 
status in favour of New Delhi but remained a centre of wool 
production. Today it is an important tourist destination. At 
present Shimla remains an important city with large hinter¬ 
lands, although with a significantly lower dynamic (143,000 
inhabitants in 2001 and 172,000 in 2011) than many other 
mountain centres in the region. In the last years Shimla has 
become renowned for its touristic qualities for both domestic 
and international tourists. The city has remained the critical 
mass and a sufficient hinterland to be able for restructuration 
during the process of development in India. Such cities are 
an example for the long standing impact of defined centres 
of power, may be due to economic decision making or due to 
political will. They reflect the successful cases while other 
towns—today unknown—declined or became integrated in 
larger agglomerations. 

2.4.3.4 Resort Towns for Tourism and Second 
Homes 

With the increase in global tourism and the emergence of 
urban middle classes in HKH states, resort towns that val¬ 
orise landscape vistas and amenities and the reputation of 
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prestigious holidays have developed in mountains. They 
offer tourist services including accommodation, guides for 
trekking tours, and ropeway infrastructure, and they deliver 
ambiance and prestige. Some places serve as locations for 
second homes, as in Nainital, Uttarakhand, frequented by 
clients from Mumbai and New Delhi as well as from Arab 
countries (Tiwari and Joshi 2016). The other type of resort 
towns are small cities near the peaks of renowned moun¬ 
tains, used by trekking tourists and national park visitors. In 
Joshimath, for instance, the snow resort in nearby Auli 
hosted the South Asian Winter Games in 2011. 

2.4.3.5 Local Centres 

The principal towns of a district or subdistrict mainly serve a 
supply function. They are the places of territorialization at 
lowest level (for local administration and services) and 
provide opportunities for local market exchange. Most local 
centres lie in the Himalayan hills but their distribution is 
rather uneven (in India they are represented by more than 
500 towns, mostly small and medium-sized). Because of 
their hilly topography, scope for their expansion is limited 
and the accessibility by roads is difficult (Khawas 2007). 
With improved accessibility to the plain in the future, the 
socio-economic structure of these small towns may change. 
Its inhabitants may search for better jobs in the plain and 
become out-commuters (and may move definitely) while 
peasant farmers might abandon their villages in higher alti¬ 
tudes and move to these small towns for the new jobs and 
better services offered. We must also recognize that tempo¬ 
rary outmigration from the hilly zones to the lowlands is 
already common practice (Benz 2014; Dame 2015). 

The recent urbanization processes not only introduce a 
new pattern of spatial use to the mountains; they also 
introduce the predominance of a market economy and 
powerful economic and social actors from outside. These 
socioeconomic and cultural transformations are the most 
important factors related to urbanization. The new spatial 
pattern of land use in the HKH also has led to adopting the 
current urbanization model based on a large-scale functional 
division of labour, with a polarization of metropolitan hubs 
as centres of decision making and surrounding mountains as 
spaces of leisure. This functional cleavage can be seen well 
in Uttarakhand, India, where the majority of the territory is 
state property. The state is following a business model to 
introduce a professionalized tourism sector, with the aim to 
attract wealthy foreign tourists to the scenic landscapes of 
the Nanda Devi region. The concept is based largely on a 
traditional protectionist National Parks model that generally 
sees farmers or pastoralists as adversaries to environmental 
goals, with the administration attempting to prevent tradi¬ 
tional activities of local communities (Naitthani and Kain- 
thola 2015). At the same time, India’s growing needs as an 
emerging country have spurred a construction boom 


including river dams to increase the production of hydro 
energy, which also is needed for the tourism sector. A con¬ 
centration of activities on developing and operating tourism 
resorts and ‘keeping out’ peasant farmers and pastoralists are 
both constituent parts of the urbanization process in many 
places in the HKH, yet from the perspective of sustainable 
development they are both highly problematic. In this 
regard, the HKH follows global tendencies, as in Europe and 
the USA, only considerably delayed (Moss and Glorioso 
2014; Perlik 2011). Rural mountain economies are squeezed 
out in favour of leisure and residences. 


2.5 Conclusions 

Changes driven by various forces in the HKH are creating 
constraints as well as new opportunities for sustainable 
development. We found that environmental and socioeco¬ 
nomic changes in the HKH are driven by a network of 
interactions among a range of factors or forces. Although 
some of the elements of these networks are global (e.g., 
climate change, IAS, globalization, advancement of science 
and technology) or regional (e.g., pollution, migration), the 
actual set of interactions that brings about change is more or 
less specific to each place and related to particular mountain 
ecosystems or trans-boundary landscapes. There is thus a 
great spatial diversity amongst drivers of change and their 
impacts. Considering the entire HKH, rapid demographic 
change and weak governance systems associated with eco¬ 
nomic growth and climate change, followed by increasing 
LULCC, and over-exploitation of natural resources, have 
had the greatest overall impact on the sustainability of 
mountain areas (see Table 2.1). At the same time, most of 
the drivers discussed above are currently increasing in 
intensity and this trend will continue in the near future. 

In the HKH many challenges for sustainability are related 
to increasing demands on natural resources, which lead to 
further environmental degradation, unregulated urbanization 
and infrastructural development, and loss of traditional cul¬ 
ture. Both endogenous economic growth and global demands 
on tangible and intangible mountain products are leading to 
increased and selective consumption of mountain resources. 
The transformation from subsistence economies to 
market-driven economies leads to temporary or permanent 
emigration to emerging economies abroad which absorb the 
mainly male workforce while women are overburdened in 
mountain villages. Spatially this results in a degradation of 
the cultivated landscape. Extraction of natural resources and 
establishment of intensive agriculture and plantations are 
altering the extent and species composition of natural vege¬ 
tation and reshaping the rural landscape. Growing remittance 
flows to family members at home, raising their purchasing 
power, and the general search for a better livelihood are 
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Table 2.1 Level of influence of key drivers of change in the Hindu Kush Himalaya on three pillars of sustainability 


Three pillars of sustainability 


Drivers within three categories 


Land use and land cover change 


Over-exploitation of natural resources 


Pollution 

Invasive alien species 


Mountain hazards 


Climate change and variability 


Demographic changes 


Sociocultural changes 


Governance systems and institutions 


Technological implementation 


Economic growth and differentiation 


Infrastructure development 


Urban expansion 


Note: Level of influence: Red: |igt|, orange: |iediu|, yellow: jlow; 
Value of influence: high: 3, medium: 2, low: 1 
Trend change: / increase, —> stable, \ decrease 



placing greater demands on local resources as well as 
imported goods. Increasing levels of international or inter¬ 
regional trade increase transport flows and introduce global 
products which generate huge external diseconomies (for 
instance, refrigeration, waste treatment, and sewage). At the 
same time they destroy traditional value chains of local 
agricultural products and crafts. Addressing these problems 
will require policy and action at local, national, and inter¬ 
national levels, including common action among HKH states. 

However, a range of opportunities also lies in the 
improving connectivity, including transportation and com¬ 
munication (which increase access to information), partner¬ 
ships, and markets. Road network development is currently 
expanding accessibility, and international investment in 
agriculture and forestry in remote areas is driving new trends 
in rural economic activity. Enhanced access to health and 
education may be enabled and strengthened by economic 
growth and the advancement of science and technology. 
Additionally, a growing network of local urban centres may 
support the transmission of new prosperity to rural popula¬ 
tions, as the development of mountain towns and cities may 
help—besides their mere economic power—to enhance the 
political influence of these regions within the national states. 

While the drivers of change continue to demand indi¬ 
vidual identification and analysis, the complexity of their 


interactions also calls for a more comprehensive and inte¬ 
grated strategy to be adopted, such as promoting trans¬ 
boundary cooperation, and encouraging the development of 
mountain-specific responses by government policy makers. 
Horizontal analysis of policies and their anticipated impacts, 
whereby each sector is assessed in light not only of its own 
priority goals but also those of other sectors, is highly rec¬ 
ommended (Foggin and Phillips 2013). Furthermore, 
advances in knowledge and rapid access to new technology 
are growing with the influence of globalization. As access to 
global services improves, the mountain specification of 
‘inaccessibility’ will change to a certain extent. This will, in 
turn change the demand for specific ecosystem services, and 
enhance the capacities of local communities to adapt to 
global change. New financing mechanisms for climate 
change mitigation and infrastructure development equally 
offer valuable opportunities for increased investment in 
mountain regions. Thus, both proximate and ultimate drivers 
of change must be recognized and incorporated into more 
comprehensive concepts of development and approaches to 
development planning. 

It has been recognized that an overall transition of 
mountain systems is taking place in the HKH. Growing 
global awareness about environment and society has sig¬ 
nalled further modification in the stimulus for improved 
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resource governance and institutional reform in the region. 
Sociocultural changes, infrastructure improvement, and 
technological implementation are also helping to pave the 
way for changes in mountain development, especially in 
remote high-altitude areas. People in the HKH are trying to 
mitigate the negative impacts of drivers or manage some 
drivers through more targeted, integrated, and collaborative 
actions. What is needed at present is a better understanding 
of changes and interactions, and of resulting trade-offs 
among different drivers, and enhanced regional interaction 
and coordination between upstream and downstream 
regions, populations, and decision-makers. Greater partici¬ 
pation of local actors as well as high level transnational 
cooperation are both necessary to cope with current and 
potential conflicts and to collaboratively seek and develop 
viable opportunities for sociocultural, economic, and envi¬ 
ronmental improvements in the HKH in the future. 
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Chapter Overview 


Key Findings 

1. In the future, even if global warming is kept to 
1.5 °C, warming in the Hindu Kush Himalaya 
(HKH) region will likely be at least 0.3 °C 
higher, and in the northwest Himalaya and 
Karakoram at least 0.7 °C higher. Such large 
warming could trigger a multitude of biophysical 
and socio-economic impacts, such as biodiversity 
loss, increased glacial melting, and less predictable 
water availability—all of which will impact 
livelihoods and well-being in the HKH. The HKH 
has seen significant warming in the past decades 
nearly equal to the global average. Elevation 
Dependent Warming is widely observed in the 
region in past as well as future projections. 


2. For the past five to six decades, the HKH have 
shown a rising trend of extreme warm events; a 
falling trend of extreme cold events; and a rising 
trend in extreme values and frequencies of 
temperature-based indices (both minimum and 
maximum). The number of cold nights reduced by 
1 night per decade and the number of cold days 
reduced by 0.5 days per decade, while the number 
of warm nights increased by 1.7 nights per decade 
and number of warm days increased by 1.2 days 
per decade. These changes in extremes will con¬ 
tinue and pose even more acute challenges to 
adaptation. 

3. The HKH is experiencing increasing variability 
in western disturbances and a higher probabil¬ 
ity of snowfall in the Karakoram and western 


























3 Unravelling Climate Change in the Hindu Kush Himalaya ... 


59 


Himalaya, changes that will likely contribute to 
increases in glacier mass in those areas. This 
finding runs counter to many expectations in the 
scientific community, and more research is needed 
to understand the reasons for this and its potential 
future implications. 

4. Consensus among models for the HKH region is 
weak—a result of the region’s complex topog¬ 
raphy and the coarse resolution of global cli¬ 
mate models. To improve evidence-based 
adaptation, improved climate models and down- 
scaling strategies capable of capturing changes in 
extreme events are essential. 


Policy Messages 

1. More robust climate change analysis and 
adaptation planning will not be possible without 
improved long-term hydrometeorological mon¬ 
itoring in the HKH. High-altitude areas of the 
HKH lack long-term observational data, and the 
available data suffer from large inconsistencies and 
from high inhomogeneity. Systematic bias is also 
present through the urbanization effect on meteo¬ 
rological observations, and through the wind effect 
on precipitation observations. 

2. For accurate cryospheric projections, more 
reliable projections of elevation-dependent 
warming are crucial. Although the evidence for 
elevation-dependent warming in the HKH is 
strong, the precise mechanisms underlying this 
phenomenon involve multiple feedbacks, such as 
snow-albedo interactions, water vapor—cloud— 
radiation interactions, aerosol forcing, and warrant 
further research. 

3. Policies and planning should focus on improved 
disaster warning systems, management and 
mitigation measures to address hydrometeoro¬ 
logical extremes. This should include better 
understanding of hazard and risk, end-to-end 
monitoring and early warning and response 
systems. 


Historically, the climate of the HKH has experienced sig¬ 
nificant changes that are closely related to the rise and fall of 
regional cultures and civilizations. Studies show well- 
established evidence that climate drivers of tropical and 


extra-tropical origin—such as the El Nino-Southern Oscil¬ 
lation (ENSO), the North Atlantic Oscillation (NAO), Indian 
Ocean Dipole (IOD), the Madden-Julian Oscillation (MJO), 
and the Arctic Oscillation (AO)—influence the region’s 
weather and climate on multiple spatio-temporal scales. 1 

Although the climate of the HKH has changed signifi¬ 
cantly in the past, it is projected to change more dramatically 
in the near future. It is well-established that the warming in 
the Tibetan Plateau (TP) has been comparable in magnitude 
to the averages for the Northern Hemisphere and the same 
latitudinal zone. This regional warming continued even dur¬ 
ing the global warming hiatus—the period between 1998 and 
2014 when global warming appeared to have slowed down. 

Generally, from the last century through the beginning of 
the current one, the HKH has experienced warming from 
1901 to 1940; cooling from 1940 to 1970; and warming 
from 1970 to the present. From 1901 to 2014, annual mean 
surface air temperature significantly increased in the HKH, 
at a rate of about 0.10 °C per decade—while the warming 
rate over the last 50 years has been 0.2 °C per decade 
(p > 0.05). Well-established evidence suggests that extreme 
indices in the region have also changed over this period: 
occurrences of extreme cold days and nights have declined 
(days by 0.85 days per decade, nights by 2.40 days per 
decade), while occurrences of extreme warm days and nights 
have increased (days by 1.26 days per decade, nights by 
2.54 days per decade). Warm nights have increased 
throughout the region, and extreme absolute temperature 
indices have changed significantly. Frost days show a sig¬ 
nificant declining trend in most parts of northern India and 
the TP. The length of the growing season has increased by 
4.25 days per decade—a positive change for agriculture 
(p > 0.05). Observed precipitation trends over the HKH 
during last five decades are inconclusive. 

Evidence exists in the HKH for elevation-dependent 
warming (EDW), especially in the TP and its surrounding 
regions ( well-established ). The EDW phenomenon has been 
reported previously by several studies. However, the driving 
mechanisms of EDW are inconclusive . These mechanisms 
call for further investigation—in part because EDW can 
illuminate cryosphere dynamics, and in part also because 
EDW makes current efforts to contain global warming all the 
more important for the HKH. Conference of the Parties 
(COP21) in Paris in December 2015 agreed to take steps 
towards limiting the global mean annual surface air tem¬ 
perature increase to well below 2.0 °C above pre-industrial 
levels, and to pursue efforts towards a target of 1.5 °C. By 
the end of the century, if average global warming is limited 
to 1.5 °C above the pre-industrial period, the HKH will 
warm by 1.80 =b 0.40 °C. 


1 http://www.climate.rocksea.org/research/indian-ocean-warming/. 
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While the precipitation trends for the HKH are estab¬ 
lished but inconclusive over the past century, with some 
analyses showing that total and extreme precipitation has 
increased overall over the last five decades, intense precip¬ 
itation has changed markedly since 1961: rising trends 
appear in the intensity of annual intense precipitation and 
also in the frequency of annual intense precipitation day. 

Ensemble outputs from the Coordinated Regional 
Downscaling Experiment (CORDEX) models project sig¬ 
nificant warming over the HKH region in the future ( well- 
established ). In the near term (2036-2065), the region is 
projected to warm by 1.7-2.4 °C for representative con¬ 
centration pathway 4.5 (RCP4.5) and 2.3-3.2 °C for 
RCP8.5. In the long term (2066-2095), regional warming is 
projected to be 2.2-3.3 °C for RCP4.5 and 4.2-6.5 °C for 
RCP8.5. Increased warming during the winters is also pro¬ 
jected. Warming during the winters is projected to warm 
relatively more. While the Coupled Model Intercomparison 
Project 5 (CMIP5) general circulation models (GCM) pro¬ 
jections differ from (CORDEX) projections in magnitude, 
they do agree on trends. The TP, the central Himalayan 
Range, and the Karakoram will see a rise in temperature 
higher than average of the HKH. It is expected that EDW is 
projected to continue ( well-established ). 

Most scenarios predict that an increase in precipitation is 
likely ( established but inconclusive). Monsoon precipitation 
is projected to increase by 4-12% in the near future and by 
4-25% in the long term. Winter precipitation is projected to 
increase by 7-15% in the Karakoram, but to decline slightly 
in the Central Himalaya. 

Results on future precipitation extremes are inconclusive , 
across studies and across the region. Increasing precipitation 
extremes have been projected for the Indus basin, the TP, 
and the Eastern Himalaya. Increases are also expected in 
extreme temperatures, in tropical nights, and in the length of 
the growing season. 

Despite the evidence outlined above and throughout this 
chapter, analyses of past trends are subject to uncertainty 
because of limitations in what has been observed. One of the 
sources of uncertainty comes from urbanization, which has 
caused a systematic bias in historical temperature data (ob¬ 
servation sites may be located in urban areas or be engulfed 
by them as settlements expand). Besides global warming, 
other regional forcing elements like anthropogenic aerosols 
and land-use changes appear to have influenced the South 
Asian monsoon precipitation variations during the 
post-1950s. Many multi-model projections agree on the 
direction of future climactic and weather changes; never¬ 
theless, differences appear in the magnitude of the changes 
and in their spatial distribution. There are also inherent 
challenges in accurately capturing monsoon precipitation 
variations in climate models over the HKH region, because 
of the strong internal dynamics associated with precipitation 


processes (e.g., aerosol-cloud-radiation interactions, con¬ 
vective and cloud microphysical processes, representation of 
atmosphere-land-ocean coupling, among others) and the 
complexities in representing multi-scale interactions. 

Climate Change and Sustainable Development 
Goals 

The aim of SDG 13 is to “take urgent action to combat 
climate change and its impact.” Strengthening resi¬ 
lience and adaptive capacity to climate-related hazards 
and natural disasters in all countries and integrating 
climate change measures into national policies, 
strategies and planning are two major targets of SDG 
13. By understanding the past and potential future of 
climate change in the HKH—on the basis of robust 
scientific analysis—we can better comprehend the 
region’s present and future risks. Our finding that the 
warming in the HKH region in the future will be 
greater than the global average warming supports the 
need to take urgent action. We can more effectively 
support HKH countries, helping them strengthen 
resilience and adaptive capacity in the face of 
climate-related hazards and natural disasters. And we 
can integrate climate change adaptation measures into 
national policies, strategies, and plans. It will help in 
achieving the HKH relevant target on integrating 
mountain-specific climate change measures into 
national policies, strategies, and planning. 


3.1 Our Understanding of the HKH Climate 
Needs to Be Improved 

The Himalayan climate is mostly alpine but varies signifi¬ 
cantly with elevation from snow-capped higher elevations to 
tropical/subtropical climates at lower elevations, and varied 
vegetation exists over the HKH. Climatically, the HKH play 
an important role in global weather patterns. They serve as a 
heat source in summer and heat sink in winter (Wu and 
Zhang 1998; Yanai et al. 1992; Yanai and Li 1994; Ye 
1981). The HKH, together with the elevated TP, exert sig¬ 
nificant influence on the Asian summer monsoon system 
(Nan et al. 2009; Wu et al. 2004; Zhou et al. 2009). 

The Himalaya are sensitive to climate change and vari¬ 
ability (Shrestha and Aryal 2011; Xu et al. 2008). Most of 
the warming observed during the last few decades of the 
20 th century is attributed to the increase in anthropogenic 
greenhouse gas (GHG) concentrations (IPCC 2007, 2013; 
You et al. 2017). With increased emission of anthropogenic 
GHG, the cryosphere processes—coupled with the 




3 Unravelling Climate Change in the Hindu Kush Himalaya ... 


61 


hydrological regimes of this region—are under stress from a 
warming climate (see Chaps. 7 and 8). Increased temperature 
causes more evaporation, leading to increased atmospheric 
moisture content, thus bringing changes in future spatial and 
temporal precipitation patterns. This can adversely affect the 
supply of water to humans and agriculture, especially in the 
dry season. Localized weather events over the complex 
topography of the HKH pose a greater risk because of 
cloudbursts, flash floods, snowstorms, high winds, and 
landslides in the region (See Chap. 11). More frequent 
flood-inducing rain occurrences at higher altitudes can 
accelerate glacier melting and flood discharge, thus posing 
major risks of disasters in the region. Furthermore, changes 
in water flow regimes have implications for hydropower 
generation, biodiversity systems/forestry, and the agricul¬ 
ture- and natural resources-based livelihoods of the HKH 
(see Chaps. 5, 8, and 9). Climate change can have profound 
consequences for mountain agriculture, agrobiodiversity, 
and resilience of crop diseases, since many crop species in 
the HKH—namely wheat, rice, and soybeans—are sensitive 
to increasing levels of heat-trapping GHG (e.g., Chap. 9; 
Hoffmann 2013; Porter et al. 2014). 

Intense monsoon rainfall in northern India and western 
Nepal in 2013, which led to landslides and one of the worst 
floods in history, has been linked to increased loading of 
GHG and aerosols (Cho et al. 2016). Winter precipitation in 
the HKH is brought about by synoptic weather disturbances 
moving from west to east. The passage of the disturbances is 
directed by a westerly jet stream, which is blocked by the 
HKH-TP; therefore, winter snowfall is concentrated in the 
western side of the region (Hasson et al. 2014). Further to 
the east the jet stream is located south of the Himalaya in 


winter. Several years of drought conditions in western Nepal 
since 2000, which culminated in severe drought during 
2008-09, have been related to natural variability and 
anthropogenic influences (Wang et al. 2013). 

Robust estimates of the observed variability and 
long-term changes in climate over the HKH are inadequate 
owing to sparse and discontinuous observations (Ren and 
Shrestha 2017). Further, reliable projections of climate over 
the HKH are crucial for assessment of the impacts of climate 
change. While people in the region are adapting autono¬ 
mously to current stresses, each country in the HKH must 
design and implement effective strategies to adapt to climate 
change impact to achieve economic and social progress. 
Adapting to long- and short-term climate-related problems 
requires a thorough understanding of climate changes in the 
past and possible changes in the future (You et al. 2017). 
This chapter presents a broad overview of weather and cli¬ 
mate elements pertaining to the HKH, focusing more 
specifically on the linkage of large-scale drivers to climate 
variability in the HKH, past and present regional climate 
variations, and likely projections of future regional climate 
using high-resolution regional climate models that are cap¬ 
able of resolving the Himalayan topography. While this 
chapter takes stock of previous studies, the major part of the 
chapter is based on original analysis, as studies in the HKH 
domain (Fig. 3.1), as identified by the Hindu Kush Hima¬ 
layan Monitoring and Assessment Programme (HIMAP) 
(Sharma et al. 2016), have not been conducted in the past. 
A concluding section synthesizes major gap areas and future 
directions for diverse and multidisciplinary solutions for 
climate change impact in the HKH. During the development 
of this chapter, the authors published seven articles based on 


Fig. 3.1 RegCM4 elevation (in 
km) with three regions of interest 
defined by grid cells in each box 
above 2,500 m a.s.l. 
(non-greyscale): northwestern 
Himalaya and Karakoram 
(HKH1); central Himalaya 
(HKH2); southeastern Himalaya 
and Tibetan Plateau (HKH3). The 
Hindu Kush Himalaya 
(HKH) boundary is shown with a 
dashed line (Source Sanjay et al. 
2017b) 
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the original analysis (Rajbhandari et al. 2017; Ren et al. 
2017; Sanjay et al. 2017b; Sun et al. 2017b; Wu et al. 2017; 
You et al. 2017; Zhan et al. 2017). 


3.2 Weather and Climate Mean Conditions 
in the HKH 

3.2.1 Major Features of Climatology: 

Topographic Control, Seasons, and Liquid 
and Solid Precipitation 

Topographic variations, the annual cycle of seasons, and 
variability of weather patterns have strong controls on the 
spatial pattern of temperatures across different geographic 
regions of the HKH. While the average summer and winter 
temperatures are about 30 and 18 °C in the southern foot¬ 
hills, the middle Himalayan valleys experience mean sum¬ 
mer temperatures between 15 and 25 °C and very cold 
winters. Regions having elevations above 4800 m experi¬ 
ence winter temperatures below freezing point and receive 
precipitation largely in the form of snow. The mean 
end-of-summer regional snow line altitude (SLA) zones in 
the upper Indus Basin of Pakistan range from 3000 to 
5000 m a.s.l. (Hasson et al. 2014). Records of observed 
surface temperature from Pakistani stations in the elevated 
Karakoram indicate that the average maximum temperature 
is about 20 °C during July and the average minimum tem¬ 
perature is about -3 °C in February (Kapnick et al. 2014). 
The regions of Ladakh and Zanskar, situated on the northern 
flank of the Himalayan range, experience dry conditions, 
with surface temperatures between 3 and 35 °C in summer 
and between -20 and -35 °C in winter with accompanying 
heavy winter snowfall, thus amounting to average annual 
rainfall of a few centimetres. Hill stations of the western 
Himalaya like Shimla, Kullu Valley, Kangra, and Chamba; 
some regions in Uttaranchal such as Kumaon and Garhwal; 
and areas like Darjeeling and Sikkim in the eastern HKH, 
largely experience the Indian summer monsoon precipita¬ 
tion. Thus, the Himalayan climate exhibits diverse geo¬ 
graphical variability, which is closely linked to the varying 
topographic distribution of the region (Bookhagen and 
Burbank 2006). 

The bulk of precipitation from the southwestern Indian 
summer monsoon, falling as frozen precipitation at higher 
elevations and liquid precipitation at lower elevations and 
adjacent plains of the Himalaya, constitutes an important 
ingredient of the major Himalayan river basins and asso¬ 
ciated hydrological cycle. From the sparse rain gauge net¬ 
work, the southern slopes of the Himalaya typically 
experienced large annual precipitation totals as high as 
400 cm yr -1 during the period of 1998-2007 (Bookhagen 


and Burbank 2010). The contributions of summer and winter 
monsoon circulation is not evenly distributed over the 
Himalaya, the summer (winter) rainfall is typically the 
greatest contributor over the southeastern (northwestern) part 
of the HKH. Monsoon precipitation is found to be the highest 
over the Siwalik and Pir Panjal ranges of the lower Himalaya, 
while it reduces northwards into the high Himalaya, Zanskar, 
Ladakh, and Karakoram ranges. Rainfall estimates from the 
Tropical Rainfall Measurement Mission (TRMM) satellite 
reveal two distinct bands of high rainfall that stretch parallel 
over the length of the HKH: (1) along the southern margin of 
the Lesser Himalaya; and (2) along the southern flank of the 
HKH (Bookhagen and Burbank 2006). Heavy rainfall in the 
HKH during summer is often associated with west- 
northwestward-passing synoptic-scale monsoon 
low-pressure systems and depressions and their interactions 
with the subtropical westerly winds (e.g., Vellore et al. 2015), 
as well as during break-monsoon situations (e.g., Dhar et al. 
1984; Rao 1976; Vellore et al. 2014). Flooding in the 
mountainous Himalaya and adjacent low-relief areas is gen¬ 
erally attributed to heavy or extreme rainfall events associ¬ 
ated with synoptic climate patterns (e.g., Shrestha 2008a). 

The western side of the Karakoram Himalaya is prone to 
large amounts of snowfall in winter from frequent passage of 
extra-tropical synoptic-scale disturbances known as the 
western disturbances, emanating from the upper tropospheric 
westerlies (e.g., Dimri et al. 2015; Madhura et al. 2015; see 
Box 3.1). Studies have found that teleconnection related to 
flood events—for example, the Pakistan flood of 2010 and 
the Russian drought at the same time—is caused by a 
standing Rossby wave (e.g., Lau and Kim 2012). More than 
80% of annual precipitation in the central-eastern part of the 
Himalaya is from the summer monsoon. Thus, precipitation 
over the Himalayan river basins is highly variable, and the 
annual mean precipitation over the Indus, the Ganges, and 
the Brahmaputra river basins is estimated as 435, 1094, and 
2143 mm, respectively (Nepal and Shrestha 2015). 

3.2.2 Climate Dominated by Monsoon 

The monsoon climate over much of South Asia is domi¬ 
nated by seasonal reversing winds that carry moist air over 
the Indian Ocean into South Asia during the northern 
hemisphere summer; whereas cool and dry winds blow 
southward from the Asian continent towards the Indian 
Ocean during the winter months. The presence of the HKH 
topographic barrier restricts upper-level subtropical westerly 
winds to latitudes poleward of 30° N during the boreal 
summer months, thus allowing warm and moist summer 
monsoon circulation to extend northward into the Indian 
subcontinent. The onset of southwest summer monsoon 
rains over northeastern India typically occurs around 6 June 
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and later advances towards Bhutan and Nepal. The summer 
monsoon rains last for more than 4 months over the HKH 
region and typically withdraw from northeastern India round 
15 October (Singh and Ranade 2010). On the other hand, the 
northern and northwestern regions of India experience the 
onset and withdrawal of summer monsoon rains typically 
around 8 July and 19 September, respectively (Singh and 
Ranade 2010). Thus, the length of the summer monsoon 
rainy season is significantly longer in the eastern Himalaya 
as compared to the western Himalaya (Shrestha et al. 2008a). 

Summer monsoon precipitation over the Gangetic Valley 
and along the southern slopes of the Himalaya is strongly 
influenced by the mean position of the monsoon trough. 
When the monsoon depressions formed over the Bay of 
Bengal travel in a west-northwestward direction, precipita¬ 
tion is distributed across the Indian landmass (Rao 1976). 
During “breaks” in the Indian summer monsoon (i.e., shifting 
of the monsoon trough towards the southern slope of the 
Himalaya), the central and eastern Himalaya often experience 
heavy precipitation together with flooding in the Brahma¬ 
putra and its tributaries (Dhar et al. 1984; Vellore et al. 2014), 
while the plains of the Indian subcontinent suffer deficit 
rainfall (e.g., Krishnan et al. 2000, 2006, 2009; Rajeevan 
et al. 2010; Ramamurthy 1969). The monsoon heat low that 
forms over the northwestern parts of India and Pakistan 
during the summer plays an important role in the modifica¬ 
tion of monsoon rainfall over the northwestern parts of the 
HKH. The eastward-propagating upper-level mid-latitude 
systems associated with global teleconnection influence the 
monsoon heat low and associated rainfall over the north¬ 
western HKH and Karakoram region during the summer 
(Saeed et al. 2010, 2011). While local factors as well as 
global teleconnections influence the strength of the summer 
monsoon circulation, rainfall predictions over the HKH 
beyond a few days are challenging. Intense or extreme 
rainfall in the HKH is influenced by orographic effects, 
synoptic scale systems, monsoon convection, and also by a 
combination of monsoon and extratropical circulation inter¬ 
actions (e.g., Bookhagen and Burbank 2010; Houze et al. 
2007, 2011; Medina et al. 2010; Vellore et al. 2014, 2015). 

Box 3.1 Westerly disturbance and its linkage 
with agriculture and glacier dynamics 

Winter precipitation in the Himalaya is predominantly 
from synoptic weather systems known as western dis¬ 
turbances, which propagate eastward from the 
Mediterranean region (Dimri et al. 2015; Dimri and 
Chevuturi 2016; Hasson et al. 2014; Madhura et al. 
2015). The western disturbances are large-amplitude 
wave disturbances that travel along the subtropical 
westerly jet stream and influence HKH precipitation 


during winter and early spring. Annual winter snowfall 
amounts are seen to range from a few hundred to several 
hundreds of centimetres at different elevations, with the 
maximum over the Karakoram. The western distur¬ 
bances also significantly impact temperature patterns of 
the Himalaya besides precipitation. The winter climate 
conditions over the HKH are favourable for cultivation 
of wheat and other winter crops. The changes in the 
westerly disturbance are also believed to increase the 
mass of some glaciers in the Karakoram and western 
Himalaya, popularly known as the “Karakoram Ano¬ 
maly” (e.g., Forsythe et al. 2017; Hewitt 2005), which is 
likely to continue into the future (e.g., Ridley et al. 
2013; Krishnan et al. 2018; see Chap. 7). 


3.2.3 Climate Influenced by Large-Scale Climate 
Elements 

Recent studies highlight the role of climate drivers of both 
tropical and extra-tropical origin in influencing the 
weather and climate of the HKH on multiple 
spatio-temporal scales. Examples of such climate drivers are 
El Nino-Southern Oscillation 2 (ENSO), North Atlantic 
Oscillation 3 (NAO), Madden-Julian Oscillation 4 (MJO), 
Arctic Oscillation, 5 Indian Ocean dipole, 6 and Indian Ocean 
warm pool 7 (e.g., Barlow et al. 2005; Bhutiyani et al. 2009; 
Cannon et al. 2015, 2017; Yadav et al. 2009, 2010). Sig¬ 
nificant positive correlations have been identified between 
NAO and precipitation variability over the Karakoram 
Himalaya during winter (Archer and Fowler 2004), which 
are often mediated through the activity of western distur¬ 
bances (Cannon et al. 2015; Dimri and Chevuturi 2016; 
Hasson et al. 2014). Likewise, anomalous westward shifts of 
the summer Pacific anticyclone during La Nina 8 episodes 
can be critical to severe precipitation activity over the 
Indo-Pakistani mountainous areas (Mujumdar et al. 2012), 
besides the classical pathway of ENSO-monsoon telecon¬ 
nections through the equatorial Walker circulation (Krishna 
Kumar et al. 2006). 

Despite the studies mentioned above, there is considerable 
ambiguity about how the HKH would respond to background 


2 https://iridl.ldeo.columbia.edu/maproom/ENSO/ENSO_Info.html. 

3 http://www.ldeo.columbia.edu/res/pi/NAO/. 

4 http://www.cpc.ncep.noaa.gov/products/precip/CWlink/MJO/MJO_ 
lpage_factsheet.pdf. 

5 https://www.ncdc.noaa.gov/teleconnections/ao/. 

6 http://www.bom.gov.au/climate/enso/history/ln-2010-12/IOD-what. 

shtml. 

7 http://www.climate.rocksea.org/research/indian-ocean-warming/. 

8 http://www.pmeLnoaa.gov/elnino/what-is-la-nina. 
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changes in large-scale circulation in a warming environment, 
especially given the spatially heterogeneous temperature 
increase during recent decades. Several studies have docu¬ 
mented the elevation dependency of the climate warming 
signal which gives rise to pronounced warming at higher 
elevations rather than at lower elevations (see Diaz and 
Bradley 1997 ; Duan et al. 2006; Liu and Chen 2000; Liu et al. 
2009a; Shrestha et al. 1999; Thompson et al. 2003). Obser¬ 
vations indicate that the annual-mean and winter-mean tem¬ 
peratures at high elevation sites (>2,000 m) of the eastern TP 
have increased at a rate of about 0.42 °C per decade and 0.61 
°C per decade, respectively, during 1961-2006. On the other 
hand, the low-elevation sites (<500 m) have warmed at a rate 
of about 0.2 °C per decade during the same period (Liu et al. 
2009a). Those trends are significant at 0.001 level. 

Madhura et al. (2015) recently reported that the observed 
pattern of a mid-tropospheric warming trend over west- 
central Asia in recent decades has consequences for the 
increasing variability of western disturbances and a higher 
propensity for heavy winter precipitation events over the 
western Himalaya. The implications of the climate warming 
signal on the hydrological cycle of the HKH are not yet 
adequately clear. In contrast to many places across the globe 
which have experienced decreases in snowfall amounts and 
glacial extent during recent decades, the Karakoram Hima¬ 
laya appear to have slightly gained glacial mass in the early 
21st century (see Gardelle et al. 2012; Hewitt 2005). Climate 
model simulations indicate that changes in winter frozen 
precipitation over the Karakoram Himalaya appear to shield 
this region from glacier thickness losses under a warming 
climate (Kaab et al. 2015; Kapnick et al. 2014). The changes 
in the westerly disturbance is also attributed to an increase in 
the mass of some glaciers in the Karakoram and western 
Himalaya (Forsythe et al. 2017). 


3.3 Past HKH Climate Changes Were 
at Decadal to Greater Than 
Multi-millennial Time Scales 


Box 3.2 Paleoclimate of the HKH: climate was 
always changing 

Knowledge of the paleoclimate is important to find¬ 
ing a climate analogy in the past and understanding 
causal relationships, which can help in understand¬ 
ing and planning for the future (USGS 2010). The 
climate of HKH has always been changing. Paleo¬ 
climate in the HKH has been inferred from limited 
proxy sources such as ice cores, tree rings, lake sedi¬ 
ments, peats, and cave sediments within the region, as 
well as from land- and marine-based proxy sources 


outside the region. There is general consensus that the 
Asian monsoon was established around 23-7 Ma 
before present (BP) and is related to the tectonics of 
the region (Singhvi and Krishnan 2014). Since then, 
both the precipitation and thermal regimes of the 
region have gone through significant fluctuation, 
mainly driven by orbital changes and associated 
changes in solar radiation (Kutzbach and Otto-Bliesner 
1982; Prell and Kutzbach 1987). Around 150-100 ka 
BP, the monsoon was similar to the present; from 100 
to 70 ka BP the monsoon fluctuated considerably, and 
it was much drier and colder from 70 to 60 ka BP. The 
monsoon circulation strengthened around 13 ka BP, 
attributed to orbital factors and increased solar radia¬ 
tion (An et al. 2005; Kutzbach 1981). During the 
period 20 to 19 ka BP, known as the last glacial 
maximum (LGM), the region experienced drier mon¬ 
soons and an overall colder climate (Ashahi and 
Watanabe 2004). 

Many reconstructions have been done of the last 
2,000 years of the TP using tree ring data and ice-core 
records. Yadav et al. (2004) looked at 15-16 tree ring 
sides and found several cold and warm episodes 
between 1573 and 1846, including the little ice age 
(LIA) period between 1560 and 1750. Cook et al. 
(2003) found linkage between temperature in the 
eastern Himalaya and volcanic eruptions. Shao et al. 
(2005) found that annual precipitation underwent a 
large multi-decadal variability in the northeastern part 
of the Qaidam Basin, TP, over the past 1,000 years, 
with the 20 th century precipitation obviously higher 
than that in any other century. Liu et al. (2005) showed 
that the annual mean temperature experienced 
remarkable fluctuation in the Qilan Mountains of the 
TP, with the signals of the LIA and the continuous 
warming during the 20 th century. However, other 
studies did not find particularly abnormal 20 th -century 
warming in tree ring-based reconstructions in the TP 
region, despite the fact that the 20 th century was 
indeed warmer than most centuries of the last several 
hundred years to 1,000 years (e.g., Chu et al. 2005; 
Yang et al. 2002; Yao 1997). Therefore, whether the 
20 th century warming was unprecedented in the last 
1,000 years in the TP is an unresolved issue. 

Fluctuations in the climate in the HKH and beyond 
have been found to be closely related to the culture 
and civilization in the region (e.g., An et al. 2005; 
Dixit et al. 2015; Staubwasser et al. 2003; Weiss and 
Bradley 2001). Dixit et al. (2015) suggested that the 
weakening in the monsoon around 4.1 ka BP was 
related to the decline in the Indus urban culture. 
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3.3.1 Significant Warming Characterized HKH 
Surface Air Temperature Trends in Past 
Decades 

Analyses show significant warming in recent decades and 
the last century, despite the warming rates estimated from 
various research groups being somewhat different and not 
uniform in all parts of the HKH. Analyses of surface air 
temperature change based on varied data sets, including 
observations and reanalyses, have been conducted for a few 
of areas of the HKH, including the TP (Du et al. 2001; Duan 
and Xiao 2015; Fan et al. 2015; Kang et al. 2010; Kuang and 
Jiao 2016; Liu and Chen 2000; Liu et al. 2006, 2009; Ren 
et al. 2005, 2017; Wang et al. 2008, 2014, 2016; Yao et al. 
2012b; You et al. 2013a, 2016, 2017). 

Previous studies have reported large and significant 
warming in the TP region during the last five to six decades, 
with night-time warming being especially remarkable. For 
example, the linear rates of increase over the entire TP during 
1955-96 were about 0.16 °C/decade for the annual mean 
temperature and 0.32 °C/decade for the winter mean tem¬ 
perature, which marginally exceeded the averages for the 
northern hemisphere and the same latitudinal zone (Liu and 
Chen 2000). A recent study (Yan and Liu 2014) reported a 
warming trend of 0.316 °C/decade in annual mean temper¬ 
ature in the TP for the period 1961-2012, which is almost 
twice the previous estimate by Liu and Chen (2000). Recent 
studies using updated observations and historical CMIP5 
outputs (Kang et al. 2010; You et al. 2013a, 2016) show that 
the annual mean surface temperatures in the TP have doubled 
the previous warming rate. This rapid warming in the TP is 
primarily owing to the warmer conditions for the last decade 
and during the global warming hiatus period (Kosaka and Xie 
2013; You et al. 2016). The warming in the TP from the 
observation and CMIP5 models is more sensitive and 
accelerated during the hiatus period (You et al. 2016). 
Meanwhile, the asymmetric pattern of greater warming 
trends in minimum temperature than in maximum tempera¬ 
ture is found in the TP (Duan and Wu 2006; Liu et al. 2006, 
2009a). The accelerated climate warming on the TP has 
caused significant glacial retreat, snow melt, and permafrost 
degradation (Kang et al. 2010; Yao et al. 2012a, b), and will 
also lead to significant changes in the form of precipitation 
(solid to liquid) and changes in hydrology and water 
resources on the TP (Immerzeel et al. 2010; Immerzeel and 
Bierkens 2012; Kuang and Jiao 2016; Yang et al. 2014). 

Significant warming of the winter and annual temperature 
was also observed over the western Himalaya in the last 
century (Bhutiyani et al. 2007 ; Kothawale and Rupa Kumar 


2005). The temperature increase over the western Himalaya 
is supported by more rapid growth of tree rings in 
high-altitude tree-ring chronologies of the region (Bor- 
gaonkar et al. 2009). This warming trend over the region in 
the last few decades is consistent with the increase in northern 
hemispheric temperatures (Mann et al. 1999) and follows the 
pattern of global warming in the 20 th century. There is greater 
concern about observed unusually large temperature rises in 
the high-elevation Himalayan regions—for example, the 
warming is estimated to be nearly two to three times the 
global average (Liu and Chen 2000; Shrestha et al. 1999)— 
and the issue of rising temperatures in a warming world is 
important in more fragile and delicate cryospheric environ¬ 
ments. The warming rate is reported to be rather more sub¬ 
stantial in winter compared to other seasons in most parts of 
the HKH (Bhutiyani et al. 2007; Shrestha and Devkota 2010). 

During 1901-2014, annual mean surface air temperature 
increased significantly in the HKH at a rate of about 0.104 
°C/decade. A region-averaged surface air temperature 
anomaly series of the past century or decades for the HKH as 
a whole has not been produced. The authors of this chapter 
made a special analysis of observed climate change in the 
region by using global land surface air temperature (GLSAT) 
data sets developed recently by the China Meteorological 
Administration (CMA). Details of the methodology are given 
in Annex 1. Based on the CMA GLSAT data set (Ren et al. 
2014; Sun et al. 2017a; Xu et al. 2014), annual and seasonal 
mean surface air temperature in the last 114 years exhibit a 
significant increase in the entire HKH (Ren et al. 2017). The 
annual mean surface air temperature series in the HKH since 
1901 is shown in Fig. 3.2a, b. For the full period of record 
(1901-2014), annual temperature trends show significant 
upward trends (p < 0.05), and the increase rates of Tmean, 
Tmax, and Tmin are 0.104 °C/decade, 0.077 °C/decade, and 
0.176 °C/decade, respectively (Table 3.1). For details of the 
number of stations used, refer to Annex 1. The diurnal tem¬ 
perature range (DTR) shows a significant negative trend of 
-0.101 °C/decade, due to the much larger rise in minimum 
temperature than in maximum temperature in the region (Ren 
et al. 2017). Locally, deviations from the general pattern 
described above have been found in the Karakoram region, 
where decreasing temperatures (most notably in summer) 
have been measured. Possible mechanisms for such an 
anomaly have been discussed recently in Forsythe et al. 
(2017). 

The trends of annual mean temperature in the HKH show 
general agreement with the global land surface tempera¬ 
ture trends for different periods, with small differences 
(Table 3.1). During the period 1901-2014, the HKH 
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Fig. 3.2 Annual mean temperature anomaly series (°C) relative to 
1961-90 mean values for (a) Tmean and (b) Tmax, Tmin, and DTR for 
the Hindu Kush Himalaya between 1901 and 2014 (Data source CM A 
GLSAT; Ren et al. 2017) 

exhibited trends similar to the global land surface. The 
annual mean warming rates during the period 1901-2020 
was 0.19 °C/decade, while during the period 1951-2014 it 
was 0.20 °C/decade (Ren et al. 2017). For the period 1951— 
2014 the trend of annual mean Tmax in the HKH was lower, 
while the trend of annual mean Tmin was higher than that of 
the global land surface (Sun et al. 2017b). 



The regional average annual mean temperature series of 
the HKH shows a large decadal to multi-decadal variability 
during the last more than 100 years. In terms of Tmean 
change, there are obviously three different stages in the HKH 
(as shown in Fig. 3.2a). From 1901 to the early 1940s, most 
of the years showed negative anomalies, and Tmean 
increased only slightly. From the 1940s to the late 1970s, a 
relatively cold period for the northern hemisphere, the HKH 
temperature series showed a significant decreasing trend. 
After the 1970s, however, a rapid warming appeared in the 
HKH. The decadal to multi-decadal variations in the 
warming and cooling episodes are generally consistent with 
previous studies of the TP and other areas of the HKH (Tang 
and Ren 2005), as well as in Nepal (Shrestha et al. 1999). In 
addition, the period from 1998 to 2014 witnessed the 
warmest years in the past 100 years, in spite of the fact that 
the annual mean warming trend in this period had slowed 
down, which is consistent with observations over the globe 
and northern hemisphere (Trenberth et al. 2014). The 
warmest 2 years in the period 1901-2014 in the HKH were 
2007 and 2010 (Ren et al. 2017). 

The annual mean time series of Tmax and Tmin in the 
HKH exhibited similar decadal to multi-decadal variations 
with the Tmean series. The annual mean Tmin anomalies 
were always lower than Tmax before the 1960s, and were 
generally higher than Tmax afterwards (Table 3.1). The 
annual mean DTR showed relatively stable change before the 
1940s, but a significant decline in the post-1940s period. 
After the 1960s, although the Tmax anomaly was signifi¬ 
cantly lower than Tmin, it underwent a large increase com¬ 
pared to the Tmin (Table 3.1). Because of the poor station 
coverage before the 1940s, the temperature anomaly time 
series showed strong inter-annual fluctuations, indicating a 
relatively large sampling uncertainty during the period. 


Table 3.1 Annual mean surface temperature trends during 1901-2014 and 1951-2014 in the Hindu Kush Himalaya (HKH) and globally 
(°C/decade) (Ren et al. 2017; Sun et al. 2017a) 


Region 

Data source 

Period 

Trend 

Tmax 

Tmin 

DTR 

Tmean 

HKH 

CMA 

1901-2014 

0.077* 

0.176* 

-0.101* 

0.104* 

1951-2014 

0.156* 

0.278* 

-0.123* 

0.195* 

Globe (Land + Oceans) 

GHCN 

1901-2014 




0.084* 

1951-2014 




0.129* 

Globe (Land) 

CMA 

1901-2014 

0.100* 

0.142* 

-0.036* 

0.104* 

1951-2014 

0.186* 

0.238* 

-0.054* 

0.202* 


* Statistically significant at the 0.05 confidence level 

CMA China Meteorological Administration; DTR diurnal temperature range; GHCN Global Historical Climatology Network 
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Fig. 3.3 The grid-averaged 
trends of annual mean 
temperature in the Hindu Kush 
Himalaya (HKH) since 1901. The 
values on the top right comer are 
the number of grid boxes; white 
grid boxes indicate the missing 
data (Data source CMA GLSAT; 
Ren et al. 2017) 


HKH (20°N - 40°N, 60°E - 105°E) 32/5°x5° gridboxes 



The climate warming was more than 0.20 °C/decade in the 
TP and southern Pakistan. This can be seen in Fig. 3.3, 
which shows the spatial patterns of trends of annual mean 
temperature during 1901-2014 in the HKH. Overall, a 
majority of the grids consistently showed annual warming 
trends. However, the warming rates exhibit large differences. 
The larger change occurred in the region of the TP and 
southern Pakistan, with the warming rates higher than 0.20 ° 
C/decade (Ren et al. 2017). The annual warming rates 
seemed to increase with the rise in altitude, which is similar to 
what was found in some analyses (e.g., Liu et al. 2009a), 
supporting the claim that an altitude-dependent warming 
trend exists in the HKH (Ren et al. 2017). Northern India and 
the Sichuan Basin of China showed the weakest warming 
trend, with annual warming rates below 0.10 °C/decade. 
Notably, there were fewer available data for the Indian and 
Nepali regions for the centennial scale analysis, and this may 
have caused a larger uncertainty in estimating the long-term 
trend of temperature. A recent study suggests cooling sum¬ 
mer temperature over the Karakoram and attributes it to the 
Karakoram Anomaly (Forsythe et al. 2017). 

3.3.2 Precipitation Did Not Show Clear Trends 
in the Past Decades 

Annual and cold-season precipitation in the TP has 
increased over past decades. The increase has been found to 
be a part of a broader climatic moistening trend observed in 
western China, including the TP and northwestern China (Qin 
et al. 2005; Ren et al. 2000,2005, 2015; You et al. 2015). The 
increase in annual precipitation in the northeastern TP seems 
abnormal in terms of the tree ring-based paleo-reconstruction 
of precipitation in the last 1,000 years (Shao et al. 2010). Over 


the last four to five decades, the precipitation increase mainly 
occurred in winter and spring. Increasing trends in winter 
precipitation have also been reported over a few stations in the 
Indus basin since the post-1960s, although there was no 
spatially coherent pattern of long-term precipitation change 
over the region (Archer and Fowler 2004). Palazzi et al. 
(2013) summarized the trends in precipitation in the 
HKH/Karakoram region, and reported a generally decreasing 
trend in the Himalaya in summer for the last six decades, but 
no statistically significant trend was found for winter. 

The longer-term (1901-2013) trend of annual precipitation 
in the entire HKH did not show a positive trend. The 
authors of this chapter made a special analysis of observed 
change in precipitation in the region by using Global Land 
Monthly Precipitation (GLMP) and Global Land Daily 
Precipitation (GLDP) data sets developed recently by the 
CMA. Details of the methodology are given in Annex 2. 
Figure 3.4a displays the regional average annual precipita¬ 
tion standardized anomalies (PSA) and annual precipitation 
percent anomaly (PPA) from 1901 to 2013 (Zhan et al. 
2017). The regional average PSA are fluctuating from one 
year to another, but the fluctuation became relatively larger 
from 1930 to 1960, and the overall trend was negative for 
the HKH. Figure 3.4b shows the spatial distribution of the 
trends of annual PSA during the period 1901-2013. The 
trend in the TP was not calculated owing to the lack of 
precipitation records before 1951. The PSA reduced slightly 
in southwestern China and most parts of northern India, but 
increased in the northeastern part of West Asia. All the 
trends were small and not significant at the 0.05 confidence 
level. The reduction in annual precipitation in northern India 
seems consistent with the reported weakening of the Indian 
summer monsoon over the past century (Ren et al. 2017). 
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Fig. 3.4 Regional average annual (a) precipitation standardized average and black line the linear trend); spatial distribution of linear 
anomalies (PSA), and (b) precipitation percentage anomaly (PPA) dur- trends in (c) PSA, and (d) PPA from 1901 to 2014. Source Ren et al. 
ing 1901-2014 in the HKH (with green line denoting five-year moving (2017) (Data source CMA GLMP) 


There are some limitations to be noted related to the use of 
standardized indices in a region where the spatial variation in 
the statistics is enormous. In particular, trends might be 
weakly related to actual trends in precipitated water. 

In the HKH the annual precipitation and the annual mean 
daily precipitation intensity of roughly the last 60 years have 
increased. Figure 3.5 shows the regional average annual 
PSA, PPA, wet-day anomalies (WDA), and the daily pre¬ 
cipitation intensity anomalies (DPIA) from 1951 to 2013 for 
the HKH (Zhan et al. 2017). During this period, the coverage 
of stations in the TP improved significantly, which is why it 
exhibited a different trend from the longer time period shown 
in Fig. 3.5. The regional average PSA and PPA were mostly 
positive in the 1950s and fluctuant from the 1960s to 
thel980s, but increased notably after the 1990s, especially for 
the PPA. The annual PPA had a rapid upward trend for the 
time period, with the highest value in 2007. Overall, the trend 
in regional average PPA increased at a rate of about 5% per 
decade, which is significant at the 0.01 significance level 
(Zhan et al. 2017). However, the annual PSA exhibited an 
insignificant upward trend, despite the fact that it did increase 
more rapidly from the mid-1980s. As mentioned above, the 
analysis result of the precipitation change for the region is 
generally supported by the previous studies, especially for the 


TP region and the Indus basin (Archer and Fowler 2004; Ren 
et al. 2015; You et al. 2015; Zhan et al. 2017). 

Wet day anomaly (WDA) or precipitation day anomaly 
experienced a slight and nonsignificant decline over the 
last 53 years. Before 1990, the change in regional average 
WDA was similar to the PSA. However, the WDA did not 
change notably after 1990, and even reduced slightly after 
2005, reaching its lowest level in 2013 in the HKH as a 
whole. The change in the whole period showed a slight 
reduction, but the linear trend was only -0.63 days per 
decade, which does not pass the 0.05 confidence test (Zhan 
et al. 2017). This result is different from most of the studies 
conducted for mainland China, which reported a significant 
decrease in wet days (Ren et al. 2015). 

The region-averaged annual mean daily precipitation 
intensity anomaly (as indicated by DPIA) decreased 
slightly from the 1950s to the 1980s, with small values of 
anomalies. However, the DPIA had an abnormally high 
value period in the early 1990s, although this dropped after 
1994. The change during the whole assessment period 
exhibited a relatively strong downward trend, however, and 
the change rate was -0.075 mm/d per decade, which is not 
significant at the 0.05 level (Zhan et al. 2017). 
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Fig. 3.5 The regional average annual precipitation standardized 
anomaly (PSA) (a) precipitation percentage anomaly (PPA); (b) wet 
day anomaly (WDA) (unit: mm); (c) and daily precipitation intensity 
anomaly (DPIA) (unit: mm/day); (d) series over 53 years (1961-2013) 


in the Hindu Kush Himalaya. Bar indicates values of PSA, PPA, WDA, 
and DPIA; green lines are 5-year moving averages, and black lines are 
linear trends (Data source CMA GLMP; Zhan et al. 2017) 


The annual precipitation undergoes a clear shift in the 
HKH after 1990. Although the WDA had a fluctuating 
feature and a weak downward trend, the PPA showed a 
significant increase during slightly more than the last two 
decades (Zhan et al. 2017). The temporal characteristics of 
precipitation variation appear to have entered a mode of 
greater inter-annual variability and more frequent intense 
rain and less frequent light rain. 

The TP region experienced an increase in all three pre¬ 
cipitation indicators, especially for PPA and DPIA, but 
northern India exhibited an increase in PPA and DPIA but a 
decrease in WDA over the past 53 years (Zhan et al. 2017). 
Figure 3.6 shows the spatial distribution of the trends of 
annual PPA, WDA, and DPIA during the period 1961-2013. 
The positive PPA trends were statistically significant for 
some of the grids in the TP region, but the annual PPA 
generally decreased in southwestern China, the northeastern 
part of India, and the most northeastern part of the HKH 
(Ren et al. 2017). The PPA showed a significant increase in a 


few grids in India, but a significant decrease in some parts of 
southwestern China and Myanmar. 

The WDA had a strong rise in most parts of India and 
northern TP, but a strong decline in southwestern China 
and Myanmar. WDA and DPIA exhibited approximately an 
opposite pattern of long-term trends during the assessment 
period, especially in southern and southeastern areas of the 
HKH. In most parts of India and northern TP, for example, 
the WDA increased notably, but the DPIA decreased 
remarkably, and southwestern China and Myanmar wit¬ 
nessed a significant decline in WDA and a significant rise in 
DPIA (Ren et al. 2017). 

A more significant increase in annual mean daily precip¬ 
itation intensity over past decades appeared in the higher- 
altitude areas, including the TP. Compared to WDA trends, 
the spatial distribution pattern of the DPIA has a better 
relationship with the elevation. The annual DPIA increased 
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Fig. 3.6 The change trends in 
annual precipitation percentage 
anomaly (PPA, unit: % decade -1 ) 
(a) wet day anomaly (WDA, unit: 
mm decade -1 ); (b) and daily 
precipitation intensity anomaly 
(DPIA, unit: mm/day decade 1 ); 
(c) in the Hindu Kush Himalaya 
over 53 years (1961-2013). 

Filled symbols represent 
statistically significant data at 
0.05 confidence level (Data 
source CMA GLMP; Zhan et al. 
2017) 




significantly in the highlands region, such as the TP and the 
Yunnan-Guizhou Plateau, but reduced significantly and 
consistently in India and probably in other areas south of the 
Himalaya. It is unclear what caused such a spatial pattern in 
annual DPIA change in the HKH (Zhan et al. 2017). 

3.3.3 Decreasing Near-Surface Wind Speed, 
Solar Radiation, and Sunshine Duration 
Indicated by Scanty Data 

The near-surface wind speed decreased over most areas of 
the TP region. No wind and solar radiation observation data 


were available for the whole region, and only the studies for 
the TP region were assessed in this chapter. During 1980- 
2005, both the surface stations and National Centers for 
Environmental Prediction (NCEP) reanalysis in the TP 
showed significant decreasing trends, at rates of 
-0.24/decade and -0.13 m/decade, respectively, especially 
evident in spring and summer. One of the likely causes of 
the diminishing wind speed is the asymmetrically decreasing 
latitudinal surface temperature and pressure gradients over 
the TP and the surrounding regions, including the Indian 
Ocean, which may be part of a large-scale atmospheric cir¬ 
culation shift (Ding and Ren 2008; You et al. 2010a). 
Another major factor affecting the near-surface wind speed 
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was urbanization and the increased sheltering effect around 
the observational grounds (Liu et al. 2009b; Ren and Zhou 
2014; Zhang et al. 2009). However, it is unclear to what 
extent urbanization had affected the near-surface wind speed 
decline in the HKH as a whole during the past two and half 
decades. Furthermore, the increase in wind speed after the 
2000s to the present may indicate an overall change in 
atmospheric circulation mode over East Asia (Yang et al. 
2014). It is noted that there is some uncertainty in the NCEP 
data because of their low spatial. 

Solar radiation and sunshine duration both declined sig¬ 
nificantly in the TP region over the past six decades. Sur¬ 
face observational data, reanalyses, and ensemble 
simulations with the global climate model ECHAM5-HAM 
show that the mean annual all-sky surface solar radiation 
(SSR) series in the TP decreased at a rate of -1.00 Wm -2 
decade -1 , primarily in autumn and secondly in summer and 
winter. Annual clear-sky SSR series exhibit an even stronger 
decrease of -2.80 Wm -2 decade -1 , especially during winter 
and autumn (You et al. 2013b). The temporal evolution of 
the mean annual sunshine duration series showed a signifi¬ 
cant increase from 1961 to 1982 at a rate of 49.8 h/decade, 
followed by a decrease from 1983 to 2005 at a rate of 
-65.1 h/decade, with an overall significant decrease at a rate 
of -20.6 h/decade during the whole of the 1961-2005 per¬ 
iod; this was due mainly to the decline in summer and spring 
seasons. This confirms the evidence that sunshine duration in 
the TP ranges from brightening to dimming in accordance 
with sunshine duration trends in the rest of mainland China 
(Ding and Ren 2008; Ren et al. 2005; You et al. 2010c). 
Total and low-level cloud amounts in the TP showed con¬ 
trasting trends during day and night, with decreases during 
the day but increases (especially low-level cloud) at night 
(Duan and Wu 2006), although at the global level dimming 
due to aerosols and cloud is reported (e.g., Wild 2012; also 
see Chap. 10). 

3.3.4 Significant Changes in the Temperature 
and Precipitation Extremes in Past 
Decades 

Most parts of the HKH underwent significant long-term 
changes in frequencies of extreme temperature events over 
the last decades. In this chapter, assessment of changes in 
the extreme temperature indices of the TP and the HKH for 
the period 1961-2014 were mainly based on the CMA 
global land daily surface air temperature data set. Studies 
conducted for different parts of the HKH showed a generally 
significant change in the various extreme temperature indi¬ 
ces, with the minimum-temperature-related indices witness¬ 
ing a significant rise and the maximum-temperature-related 


indices a significant decline over the last decades (Choi et al. 
2009; Qian et al. 2007; Ren et al. 2012; Zhai et al. 1999, 
2005; Zhou and Ren 2011). 

Almost all the extreme temperature indices in the TP region 
showed statistically significant trends over the past half 
century. During the period 1961-2014, temperature extremes 
in the TP showed patterns consistent with warming, with a 
large proportion of stations showing statistically significant 
upward or downward trends for all of the temperature indices 
analyzed (Sun et al. 2017b). Stations in the northwestern, 
southwestern, and southeastern part of the TP showed greater 
trends. Overall, the incidence of extreme cold days and nights 
in the TP decreased by -0.85 and -2.38 d/decade, respec¬ 
tively. Over the same period, the incidence of extreme warm 
days and nights increased by 1.26 and 2.54 d/decade, 
respectively. The number of frost days (FD) and ice days 
decreased significantly at the rates of -4.32 and -2.46 
d/decade, respectively. The length of the growing season has 
statistically increased by 4.25 d/decade. The annual mean 
DTR showed a statistically decreasing trend at a rate of -0.20 
°C/decade. The extreme temperature indices also exhibited 
statistically significant increasing trends. In general, mini¬ 
mum temperature indices showed greater warming trends in 
comparison to maximum temperature indices (Sun et al. 
2017b; You et al. 2008a; Zhou and Ren 2011). 

Extreme cold events significantly decreased and extreme 
warm events significantly increased over the whole HKH 
during the past six decades. Annual mean anomaly time 
series of the percentile-based (Fig. 3.7a-d) and absolute 
(Fig. 3.7e-h) temperature extreme indices since 1961 for the 
whole HKH, based on the CMA GLSAT data set, were 
calculated for this chapter (Fig. 3.4; Sun et al. 2017b). The 
trends were calculated only for the grid boxes with at least 
40 years of data during the study period, with the last year of 
the data series no earlier than 2000 (Alexander et al. 2006). 
Table 3.2 also shows the decadal trend values for extreme 
indices of the region for the period 1961-2014. Although the 
percentile-based temperature indices were calculated in 
percentages, the units were converted into days for ease of 
understanding, as suggested by Alexander et al. (2006). As 
in the TP region, the extreme cold events significantly 
decreased for the whole HKH during the past six decades 
(Fig. 3.7a, b), while the extreme warm events significantly 
increased (Fig. 3.7c, d). However, the trends in warm events 
were larger in magnitude than cold events (Table 3.2), and 
there was a dramatic increase since the mid-1980s, espe¬ 
cially for warm nights (Tn90p). Moreover, the trends of the 
extreme events related to minimum temperature were greater 
in magnitude than those related to maximum temperature. 
Similar results were found in the Koshi Basin by Rajbhan- 
dari et al. (2017). 
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Fig. 3.7 Annual mean anomaly series of extreme temperature indices 
of the Hindu Kush Himalaya (HKH) for 1961-2014 for (a) cold nights 
(TNlOp); (b) cold days (TXlOp); (c) warm nights (TN90p); (d) warm 
days (TX90p); (e) monthly maximum value of daily maximum 
temperature (TXx); (f) monthly minimum value of daily minimum 


temperature (TNn); (g) frost days (FD); (h) summer days (SU); and 
(i) diurnal temperature range (DTR) (relative to 1961-90 mean values). 
The trends are calculated only for the grid boxes with sufficient data, as 
explained in the text (Data source CM A GLASAT; Sun et al. 2017b) 
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Table 3.2 Trends of percentile-based and absolute extreme temper¬ 
ature indices of the Hindu Kush Himalaya between 1961 and 2014 


Index 

ID 

Unit 

Trend 

Cold night 

TNI Op 

day/decade 

-0.977* 

Cold day 

TXlOp 

day/decade 

-0.511* 

Warm night 

TN90p 

day/decade 

1.695* 

Warm day 

TX90p 

day/decade 

1.239* 

Max Tmax 

TXx 

°C/decade 

0.282* 

Min Tmin 

TNn 

°C/decade 

0.419* 

Frost day 

FD 

day/decade 

-3.636* 

Summer day 

SU 

day/decade 

6.741* 

Diurnal temperature range 

DTR 

°C/decade 

-0.108* 


(Data source CMA GLSAT; Sun et al. 2017a) 
Statistically significant at the 0.05 confidence level 


Extreme values and frequencies of the absolute 
temperature-based indices 9 also experienced a generally 
significant change in the HKH during the past six decades. 
For the temperature indices (Fig. 3.7e-h), both extreme 
values of the highest Tmax (TXx) and the lowest Tmin 
(TNn) showed increasing trends in the HKH, and the rising 
rate of TNn was more than twice that of TXx (Sun et al. 
2017b; Table 3.2). However, the rising rate of TNn was 
dominated by the very large positive anomalies after the 
1980s. The summer day (SU) frequency also increased, and 
the rising rate reached 6.74 day/decade, which is related to 
the dramatic positive anomalies after 1990. During 1989 and 
1998, SU increased by about 20 days, which is far more than 
the average rising rate. Annual FD frequency decreased, 
with a change rate of -3.63 day/decade. In the HKH as a 
whole, the annual mean DTR anomaly series showed a 
significantly decreasing trend before the 1980s and a slight 
increase after the mid-1980s. The overall decline was mainly 
a result of the much larger rate in annual mean Tmin increase 
than of annual mean Tmax (Sun et al. 2017b). 

Extreme cold events significantly decreased in most parts 
of the eastern HKH, especially in southwestern China 
and TP, while extreme warm events increased over the 
whole HKH. Figure 3.8 shows the spatial distribution of 
linear trends of extreme temperature indicators for every grid 
in the HKH. The cold nights (TNIOp) and cold days 
(TXlOp) decreased significantly in most parts of the eastern 
HKH and showed an upward trend in a few of the gridboxes 
of the western HKH. The warm nights and warm days 
(TN90p and TX90p) increased significantly in most parts of 
the HKH, especially in its western part. The Karakoram, in 


9 The extreme temperature indices used in this chapter are based on 
Expert Team on Climate Change Detection and Indices (ETCCDI). For 
more information on the indices refer to http://www.climdex.org/ 
indices.html. 


northwestern Pakistan, is anomalous for its cold nights 
(TNIOp) and cold days (TXlOp) (Sun et al. 2017b). 

Extreme absolute temperature indices also experienced a 
generally significant change in the HKH. FD showed sig¬ 
nificant decreasing trends in most parts of northern India and 
the TP, and SU showed a significant increase between 60° E 
and 80° E. The highest Tmax/Min Tmin (TXx/TNn) showed 
increases over the whole HKH, but the lowest Tmin showed 
a larger trend of increase in the TP region than did the 
highest Tmax. Along the Himalaya the DTR had an 
increasing trend, while most of the other regions showed a 
significant decrease, with the downward trend especially 
large in the TP region (Sun et al. 2017b). 

Previous studies identified a clear change in extreme pre¬ 
cipitation events in the HKH in recent periods. Western 
China, including the TP region, experienced a major change 
in extreme precipitation events over the past five decades, as 
reported in many studies (e.g., Ren et al. 2012; You et al. 

2015) , consistent with the increase in annual total precipi¬ 
tation during the same period. Some stations over the 
western Himalaya and the Karakoram region have also 
shown a significant increase in the number of wet days and 
extreme rain events during the past few decades (Choi et al. 
2009; Klein Tank et al. 2006). In the eastern Himalaya, 
though, the total amount of precipitation did not change 
much, and the number of rainy days decreased, which meant 
a higher amount of rainfall in a short period of time. This 
torrential rain may cause flash floods and landslides in the 
eastern Himalaya and hilly regions (Syed and Al Amin 

2016) . 

There has been remarkable change in both the light and 
intense precipitation since 1961, with annual intense pre¬ 
cipitation days (frequency) and annual intense precipita¬ 
tion intensity experiencing increasing trends. Figure 3.9 
displays the regional average annual amount, and day and 
annual intensity anomalies, for the percentile-based light 
(below the 50th percentile), moderate (between the 50th and 
90th percentiles), and intense (beyond the 90th percentile) 
precipitation in the HKH over the period 1961-2013 (Zhan 
et al. 2017). Table 3.3 shows the linear trends of the annual 
amount, days, and intensity of the light, moderate, and 
intense precipitation, and the test results of the significance. 
The significant increase in annual intense precipitation 
amount, days, and intensity (5.28 mm per decade, 0.14 day 
per decade, and 0.39 mm/day per decade, respectively), and 
the significant decline in annual light precipitation days and 
intensity (-0.80 day per decade and -0.02 mm/day per 
decade, respectively), are notable. No detectable change 
appears for the moderate precipitation amount, frequency, 
and intensity over the assessment period (Fig. 3.9). The 
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Fig. 3.8 The change trends of 
extreme temperature indices of 
the Hindu Kush Himalaya for 
1961-2014 for (a) cold nights, 
(b) cold days, (c) warm nights, 
(d) warm days, (e) frost day, 

(f) summer day, (g) monthly 
maximum value of daily 
maximum temperature, 

(h) monthly minimum value of 
daily minimum temperature, and 

(i) diurnal temperature range 
(relative to 1961-90 mean values) 
(Data source CMA GLSAT; Sun 
et al. 2017b) 


(a) Cold night, TNI Op (day/decade) (b) Cold day,TX10p (day/decade) 
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definition of light, moderate, and intense rainfall is given in 
Annex 2, Table 3.11. 

Light precipitation frequency and intensity significantly 
decreased in the HKH over the past 53 years, but its 
amount had an insignificant upward trend (Table 3.3). The 


regional average annual light precipitation amount increased 
over the period 1961-2013, but the change rate was only 
0.482 mm per decade, which did not pass the significance 
test at the 0.05 confidence level. The annual light precipi¬ 
tation days and intensity reduced significantly over the same 
period, however, with the change rate being 
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Fig. 3.9 The regional average anomaly time series of extreme 
precipitation indices for annual amount (unit: mm) (left); days (unit: 
day) (central); and intensity (unit: mm/day) (right) of light (above), 


moderate (middle), and intense (below) precipitation over the last 
53 years (1961-2013) in the Hindu Kush Himalaya. Dashed lines 
represent linear trends (Data source CMA GLDP; Zhan et al. 2017) 


Table 3.3 Linear trends of different categories of precipitation for the 
period 1961-2013 in the Hindu Kush Himalaya 



Light 

Moderate 

Intense 

Total 

PAA (mm decade - 1) 

0.482 

0.623 

5.284* 

6.389 

WDA (day decade - 1) 

-0.800" 

0.040 

0.141" 

-0.629 

DPIA 

(mm/day decade - 1) 

-0.016" 

-0.013 

0.391* 

-0.075 


(Data source CMA GLDP; Zhan et al. 2017) 

Statistically significant at the 0.05 confidence level. Statistically significant 
at the 0.01 confidence level. PAA precipitation amount anomaly; WDA wet 
day anomaly; DPIA daily precipitation intensity anomaly 

-0.81 day/decade and -0.02 mm/d per decade, respectively; 
both were statistically significant at the 0.01 confidence level 
(Table 3.3). The change may be attributed to the decreasing 
amplitude of fluctuation in the frequency and intensity after 
1985 (Fig. 3.9) with the linear trend of the amount opposite 
to those of the frequency and intensity. The regional average 
annual moderate precipitation amount and days increased 
slightly, while the intensity decreased slightly, but all the 
changes were non-significant (Zhan et al. 2017). 


The regional average annual amount, frequency, and 
intensity of intense precipitation increased significantly 
over the period 1961-2013 (Table 3.3). The linear trends for 
the regional average annual intense precipitation amount, 
intense precipitation days, and intense precipitation intensity 
were 5.48 mm/decade, 0.14 day/decade, and 
0.39 mm/day/decade, respectively. All trends passed the 
0.05 significance test, with the increase in intense precipi¬ 
tation days passing the 0.01 significance test. The increasing 
trends of annual intense precipitation frequency and intensity 
in the HKH were approximately consistent with those found 
in other mid- to high-latitude regions. The annual total 
precipitation amount in the HKH increased over the 
53 years, which was not significant at the 0.05 level, but the 
annual total precipitation days and intensity exhibited a very 
weak declining trend (Table 3.3; Zhan et al. 2017). 

The annual amount and frequency of light precipitation 
increased significantly in most parts of India and the 
northwestern TP. Figure 3.10 shows the spatial distribution 
of linear trends of standardized precipitation indicators for 
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(bl) (b2) 



(cl) (c2) 



Fig. 3.10 The change trends of annual precipitation amount percent over the last 53 years (1961-2013) in the Hindu Kush Himalaya. Filled 
anomaly (PPA) (1/left) and annual precipitation day anomaly symbols represent statistically significant trends at the 0.05 confidence 
(WDA) (2/right) for light (a) moderate; (b) and intense; (c) precipitation level (Data source CMA GLDP; Zhan et al. 2017) 


every grid in the HKH. The annual PSA of light precipita¬ 
tion increased significantly in most parts of India, and also in 
the northwestern TP. Southwestern China had a significantly 
downward trend, but it did not change much in northeastern 
West Asia. The annual WDA of light precipitation also 
increased significantly in most parts of India and in the 
northwestern TP, and it significantly reduced in the south¬ 
eastern part of the TP and southwestern China (Zhan et al. 
2017). 

The amount and frequency of intense precipitation and 
moderate precipitation mostly increased significantly in the 
TP, hut showed heterogeneous change in the other areas of 
the HKH (Fig. 3.10). The spatial patterns in linear trends of 
the annual moderate and intense precipitation indicators 
were similar, and they mostly increased significantly in the 


TP, especially in areas north of 30° N, and decreased in 
southwestern China, northern South-east Asia, and north¬ 
eastern West Asia. In particular, both intense precipitation 
amount and days increased in the TP, with those trends in 
most grids being significant. The annual intense precipitation 
amount and days in the TP increased (Fig. 3.10; Zhan et al. 
2017). 

3.3.5 Progressively Greater Warming 
with Elevation 

The elevation-dependent warming (EDW) phenomenon in 
the HKH , particularly in the TP and its surrounding 
regions, has been reported by many research groups (Duan 
and Xiao 2015; Guo et al. 2016; Liu and Chen 2000; 
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Mountain Research Initiative EDW Working Group 2015; 
Pepin et al. 2015; Shrestha 2008b; Shrestha et al. 1999; Sun 
et al. 2017b; Wang et al. 2014, 2016; Yan and Liu 2014; 
Yan et al. 2016; You et al. 2016) but the association of 
warming trends with elevations is still an unresolved ques¬ 
tion. The EDW in the HKH seems clear, as seen in Fig. 3.3. 
The grids with annual mean warming larger than 0.2 ° 
C/decade during the period 1901-2014 are mostly dis¬ 
tributed in the TP region, but they also occur in low-lying 
southern Pakistan and western India. The lowest warming or 
even cooling is seen in eastern Afghanistan and the 
Karakoram Mountains. 

In the TP and its surrounding regions, however, the EDW 
seems clearer, as reported in previous studies, though there is 
still some debate on this (Duan and Xiao 2015; Guo et al. 
2016; Mountain Research Initiative EDW Working Group 
2015; Pepin et al. 2015; Yan and Liu 2014; Yan et al. 2016; 
You et al. 2016). For example, Yan and Liu (2014) analysed 
the change trends of mean, maximum, and minimum tem¬ 
peratures over the TP and reported a warming trend of 0.316 ° 
C/decade in annual mean temperature over the TP for the 
period 1961-2012, based on data from 73 stations above the 
elevation of 2,000 m. Liu and Chen (2000) found higher 
warming at high elevations compared to low elevation 
regions in the TP. This result was later confirmed by 
numerical experiments (Chen et al. 2003), suggesting that 
such a phenomenon may continue in future climate change 
scenarios (Liu et al. 2009a). The varied conclusions are 
probably because of the differing data sets, periods of anal¬ 
ysis, and lowland stations used for comparison (Kang et al. 
2010). Using temperature trend magnitudes at 71 surface 
stations with elevations above 2,000 m a.s.l. in the eastern 
and central TP, for example, You et al. (2008b) failed to find 
an elevation dependency in the trends of temperature 
extremes in the eastern and central TP; nor did Ding and 
Zhang (2008) find the EDW phenomenon by analysing the 
change of temperature for mainland China as a whole. Wang 
et al. (2014, 2016) and You et al. (2017) indicate that analysis 
based on simple linear trend may not a good tool for the 
analysis of EDW on either the global scale or regional scale, 
probably because the warming in a high-elevation region is 
related not only to altitude but also to latitude. 

Recent study shows that change in extreme cold events in 
the HKH in the last decades appear to be more sensitive to 
elevation, with cold nights and cold days decreasing with 
elevation, and the change in warm extremes showed no 
detectable relationship with elevation (Sun et al. 2017b). 
During 1961-2015, FD and minimum Tmin also had a good 
relationship with elevation, and the trend in FD decreased 


with an increase in elevation while the trend in minimum 
Tmin increased with an increase in elevation (Ren and 
Shrestha 2017; Sun et al. 2017b). This shows that the EDW 
in the HKH over the last decades may have been represented 
by the dependence of minimum temperature on elevation. 

The exact driving mechanisms responsible for EDW are 
unclear and need further investigation. Yan et al. (2016) 
concentrated on EDW mechanisms over the TP, and con¬ 
cluded that the increase in surface net radiation resulted in 
EDW over the TP. One possible reason for the continued 
(and accelerated) warming in the TP is the positive feedback 
associated with a diminishing cryosphere, particularly the 
snow cover. You et al. (2010b) summarized the factors 
determining the recent climate warming in the TP: anthro¬ 
pogenic GHG emissions, the snow/ice-albedo feedback, and 
changes in environmental elements (such as cloud amount, 
specific humidity, Asian brown clouds, and land use chan¬ 
ges). Furthermore, although it is currently difficult to deter¬ 
mine the relative contribution of each of these factors, the 
anthropogenic GHG emission is regarded as the main cause 
of the climate warming in the HKH, and impacts there are 
probably larger than in the rest of the world (Kang et al. 
2010; You et al. 2010b). The HKH has the largest extent of 
cryosphere (glaciers and ice caps, snow, river and lake ice, 
and frozen ground) outside the polar regions (Kang et al. 
2010). The glaciers have exhibited a rapid shrinkage in both 
length and area in recent decades (Yao et al. 2012b), coin¬ 
ciding with the rapid warming in the region (see Chap. 7). 


3.4 Climate Models Project Increases in HKH 
Temperature and Precipitation 
in the 21st Century 

The potential impact of climate change on the various 
resources of the HKH is of great concern (Ericsson et al. 
2009) as a large population across the region relies on 
monsoon rainfall. Hence, it is necessary to understand the 
nature of future climate change. Many climate modelling 
groups have performed future simulations under IPCC’s 
emission scenarios (IPCC 2000; Meinhausen et al. 2011; 
Panday et al. 2014; Van Vuuren et al. 2011). With global 
warming, future rainfall and temperature are likely to change 
in different ways in various ecological regions (Goswami 
et al. 2006). The impact of climate change on the cryosphere 
and hydrological regime of the HKH will be marked, 
because of sharp altitudinal differences, particularly owing to 
the EDW phenomenon. Eastern HKH river basins are 
heavily influenced by monsoon rainfall, whereas in western 
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rivers the flow is derived from the melting of snow and 
glaciers (Immerzeel et al. 2009; Lutz et al. 2014). The 
changes in temperature and precipitation in the HKH will 
have serious and far-reaching consequences for 
climate-dependent sectors such as agriculture, water 
resources, and health (Shrestha et al. 2015). 

3.4.1 Significant Warming Projected, Greater 
Than Global Average 

Based on past studies throughout the HKH , temperature is 
expected to rise (Kulkami et al. 2013; Kumar et al. 2011; 
Rajbhandari et al. 2015, 2016). A study carried out at 
river-basin scale over the eastern HKH showed the greatest 
warming over high-altitude regions (Rajbhandari et al. 
2016). A similar basin-scale study carried out over the 
western HKH by Rajbhandari et al. (2015) reported tem¬ 
perature progressively warming over the western Himalaya 
with minimum temperature trend slightly greater than max¬ 
imum temperature trend. Kulkami et al. (2013) reported that 
significant warming is expected throughout the HKH 
towards the end of the present century. Overall temperature 
across the mountainous HKH will increase by about 1-2 °C 
(in places by up to 4-5 °C) by 2050 (Shrestha et al. 2015). 

The HKH region is projected to warm over the 21st century. 
This is based on the analyses we performed for this chapter on 
future projections of annual mean surface temperature change 
relative to 1976-2005, based on a CMIP5 multi-model 
ensemble mean (a subset of 25 models listed in Table 3.4). 
These projected changes in surface temperature are higher 
than the likely ranges reported for global and South Asian 
regions by the recent IPCC assessment. They indicate con¬ 
tinuous warming over the entire HKH in the 21st century 
(Fig. 3.11a). The projected temperature change is 2.5 zb 1.5° 
C for the moderate scenario corresponding to RCP4.5 (Van 
Vuuren et al. 2011). For the more extreme scenario of 
RCP8.5, the projected temperature increase is 5.5 d= 1.5 by 
the end of the 21st century. The simulation data of the CMIP5 
models suggest that the projected changes in the surface mean 
temperature over the HKH are larger compared to the global 
mean change by the end of the 21st century (Fig. 3.11). 

For the first time we used projected changes in 
near-surface air temperature based on high resolution 
(0.5° longitude-latitude resolution) dynamically down- 
scaling of CMIP5 10 general circulation models 


10 http://cmip-pcmdi.llnl.gov/cmip5/. 


Table 3.4 Coupled Model Intercomparison Project 5 models used for 
temperature and precipitation projection over the Hindu Kush Himalaya 


IPCC ID of the model 

RCP4.5 

RCP8.5 

Country 

BCC-CSM1.1 

* 

* 

China 

BCC-CSM1.1 M 

* 

* 

China 

BNU-ESM 

* 

* 

China 

CanESM2 

* 

* 

Canada 

CMCC-CM 

* 

* 

Italy 

CMCC-CMS 

* 

* 

Italy 

CSIRO-ACCESS-1 

* 

* 

Australia 

CSIRO-ACCESS-3 

* 

* 

Australia 

CSIRO-MK36 

* 

* 

Australia 

EC-EARTH 

* 

* 

European Union 

FIO-ESM 

* 

* 

China 

GFDL-ESM2G 

* 

* 

USA 

GISS-E2-R 

* 

* 

USA 

HadGEM2-AO 

* 

* 

South Korea 

HadGEM2-CC 

* 

* 

UK 

HadGEM2-ES 

* 

* 

UK 

INMCM4 

* 

* 

Russia 

IPSL-CM5A-LR 

* 

* 

France 

IPSL-CM5A-MR 

* 

* 

France 

IPSL-CM5B-LR 

* 

* 

France 

MIROC5 

* 

* 

Japan 

MPI-ESM-LR 

* 

* 

Germany 

MPI-ESM-MR 

* 

* 

Germany 

MRI-CGCM3 

* 

* 

Japan 

NC AR-CESM1 -BGC 

* 

* 

USA 

NC AR-CESM1 -C AM5 

* 

* 

USA 

NorESMl-M 

* 

* 

Norway 

NorESMl-ME 

* 

* 

Norway 


For details see Annex 3, Table 3.12 


(GCM) using regional climate models (RCM). Regional 
climate projections over South Asia were generated using 
the models listed in Annex 3, Table 3.12, based on the 
protocols of the CORDEX 11 initiative. The CORDEX 
regional climate models RCM reliably capture the overall 
increasing trend of surface temperature variations over the 
South Asian region (Sanjay et al. 2017a). Multi-model 
ensembles of climate projections over the HKH for the near 
future (2036-65) and far future (2066-95), based on the 
CORDEX RCM relative to 1976-2005 (see Annex 3), are 
shown in Figs. 3.12 and 3.13, respectively. The magnitude 


1 'http ://www .meteo .unican. es/en/proj ects/CORDEX . 
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Fig. 3.11 (a) Annual mean surface air temperature change (in °C) 
from 2006 to 2100 relative to 1976-2005 averaged over the Hindu 
Kush Himalaya for RCP4.5 (blue) and RCP8.5 (red) scenarios. The 
multi-model ensemble mean is shown by a solid line and the colour 
shading indicates the multi-model ensemble mean =b one inter-model 

of the projected seasonal warming is found to vary with 
region, season, averaging period, and scenario. The pro¬ 
jected warming differs by more than 1 °C between the 
eastern and western HKH, with relatively higher values in 
winter (Sanjay et al. 2017b). The highest warming is pro¬ 
jected to be over the central Himalaya for the far-future 
period with the RCP8.5 scenario (Fig. 3.13f). 

The projected temperature changes with RCP4.5 and 
RCP8.5 scenarios for 2036-65 and 2066-95 relative to 
1976-2005 in three HKH subregions (defined by grid cells 
within each subregion above 2,500 m a.s.l., see Fig. 3.1) 
suggest that during summer (winter) relatively higher 
(lower) warming will occur over the hilly regions of the 
northwestern Himalaya and Karakoram (HKH1) than in 
the central Himalaya (HKH2) and southeastern Himalaya 
and TP (HKH3). Table 3.5 presents the seasonal ensemble 
mean projected changes in near-surface air temperature 
based on the 13 CORDEX RCM and 10 CMIP5 global 
climate models (GCM) used to provide initial and lateral 
boundary conditions for the CORDEX RCM. For the 
far-future period, the summer season ranges among the three 
HKH subregions for the higher resolution CORDEX RCM 
of 2.2-2.6 °C (RCP4.5) and 4.2-4.9 °C (RCP8.5) are lower 
than the corresponding ranges for the CMIP5 GCM of 2.5- 
3.3 °C (RCP4.5) and 4.4-5.7 °C (RCP8.5). While the winter 



standard deviation; (b) same as (a) except for precipitation. The 
precipitation change is expressed as percent/month; (c), (d) same as (a), 
(b), except showing the global mean change for (c) surface air 
temperature change (in °C) and (d) precipitation from 2006 to 2100 
relative to 1976-2005 

season temperature change range among the three HKH 
subregions in the CORDEX RCM for the RCP4.5 scenario 
of 3.1-3.3 °C is also lower than that for the corresponding 
CMIP5 GCM of 3.0-3.6 °C for this period, the CORDEX 
winter range of 5.4-6.0 °C in the RCP8.5 scenario is higher 
than the corresponding range for the CMIP5 GCM of 5.1- 
5.8 °C for the far-future period. Overall, future projections of 
surface temperature from the CMIP5 models and 
CORDEX RCM seem to agree on the overall warming 
trends over the HKH region, although there are differences 
in magnitude. 

We should note that these seasonal ensemble mean pro¬ 
jected changes in near-surface temperature over the three 
HKH subregions for the near-future and far-future periods 
are relatively higher than the seasonal global means based on 
the same subset of CMIP5 GCM (Table 3.6). The summer 
season global mean projected change for the far-future per¬ 
iod is 1.9 °C (RCP4.5) and 3.3 °C (RCP8.5), while for the 
winter season the global mean projected changes are 2.0 °C 
(RCP4.5) and 3.5 °C (RCP8.5). 

A more detailed analysis of future projections over the 
Tibetan region, based on a larger subset of 24 CMIP5 models 
(Annex 3), also indicates an increase in temperature over the 
HKH (Fig. 3.14), with higher magnitudes in the RCP8.5 
scenario by the end of the 21st century. The maximum values 
are projected in the western part of the Tibetan region. 
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(a) T JJAS RCP4.5 Near-future change (b) T HAS RCP8.5 Near-future change 




-5 -4 -3 -2-1 0 1 2 3 4 5C 




-30 -20 -15 -10 -5 0 5 10 15 20 30% 


(e) T DJF RCP4.5 Near-future change 




(f) T DJF RCP8.5 Near-future change 

40°N 



Fig. 3.12 Seasonal ensemble mean climate change in the Hindu Kush 
Himalaya (HKH) in the near future ([2036-65] with respect to [1976— 
2005]) for (top panels) surface air temperature (°C) and (bottom panels) 
total precipitation (%), with scenarios (first and third column) RCP4.5 
and (second and fourth column) RCP8.5, during (a-d) summer 
monsoon (JJAS) and (e-h) winter (DJF) seasons. Ensemble mean of 


downscaling CMIP5 GCM with CORDEX South Asia RCM (listed in 
Table 3.5). Striping in bottom panels indicates where at least 10 of the 
13 realizations concur on an increase (vertical) or decrease (horizontal) 
in RCPs. The HKH boundary is shown with dashed line. The boxes 
represent the three HKH sub-regions used for detailed analysis (see 
text) (Source Sanjay et al. 2017b) 
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(a) T JJAS RCP4.5 Far-future change 



(b) T JJAS RCP8.5 Far-future change 



60°E 70°E 80°E 90°E 100°E 



(e) T DJF RCP4.5Far-future change (f) T DJF RCP8.5 Far-future change 



Fig. 3.13 Seasonal ensemble mean climate change in the Hindu Kush 
Himalaya (HKH) in the far future ([2066-2095]-[1976-2005]) for (top 
panels) surface air temperature (°C) and (bottom panels) total 
precipitation (%), with scenarios (first and third column) RCP4.5 and 
(second and fourth column) RCP8.5, during (a-d) summer monsoon 
(JJAS) and (e-h) winter (DJF) seasons. Ensemble mean of downscaling 


CMIP5 GCM with CORDEX South Asia RCM (listed in Annex 4 and 
Table 3.5). Striping in bottom panels indicates where at least 10 of the 
13 realizations concur on an increase (vertical) or decrease (horizontal) 
in RCPs. The HKH boundary is shown by a dashed line. The boxes 
represent three HKH sub-regions used for detailed analysis (see text) 
0 Source Sanjay et al. 2017b) 
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Table 3.5 Seasonal ensemble mean projected changes in near-surface air temperature (°C) relative to 1976-2005 in three Hindu Kush Himalaya 
(HKH) subregions defined by grid cells within each subregion above 2,500 m a.s.l. (see Fig. 3.1): northwestern Himalaya and Karakoram 
(HKH1); central Himalaya (HKH2); southeastern Himalaya and Tibetan Plateau (HKH3). The ranges for the 10 general circulation models and 13 
regional climate models (listed in Annex 3, Table 3.12) analysed are given in brackets 


Scenario 

Period 

Multi-model ensemble 

mean 

Summer monsoon season (June-September) 
(°C) 

Winter season (December-February) (°C) 

HKH1 

HKH2 

HKH3 

HKH1 

HKH2 

HKH3 

RCP4.5 

2036-65 

Downscaled CORDEX 
RCM 

2.0 (1.2, 3.3) 

1.7 (1.1, 2.4) 

1.7 (1.2, 2.2) 

2.3 (1.4, 3.2) 

2.4 (1.4, 3.4) 

2.4 (1.4, 3.1) 

Driving CMIP5 GCM 

2.6 (1.7, 3.3) 

2.1 (1.6, 2.7) 

2.0 (1.6, 2.4) 

2.1 (1.2, 3.2) 

2.7 (1.6, 3.9) 

2.5 (1.4, 3.3) 

2066-95 

Downscaled CORDEX 
RCM 

2.6 (1.4, 3.7) 

2.2 (1.4, 3.2) 

2.2 (1.7, 2.9) 

3.1 (2.2, 4.1) 

3.3 (2.3, 4.5) 

3.1 (2.0, 4.8) 

Driving CMIP5 GCM 

3.3 (2.5, 4.1) 

2.7 (2.1, 3.2) 

2.5 (1.9, 2.9) 

3.0 (2.1, 3.4) 

3.6 (2.4, 4.6) 

3.3 (2.1, 4.1) 

RCP8.5 

2036-65 

Downscaled CORDEX 
RCM 

2.7 (1.7, 4.3) 

2.3 (1.4, 3.2) 

2.3 (1.5, 2.9) 

3.2 (1.8, 4.4) 

3.3 (2.1, 4.6) 

3.2 (2.0, 4.6) 

Driving 

CMIP5 GCM 

3.3 (2.5, 4.3) 

2.7 (2.0, 3.4) 

2.5 (1.9, 3.0) 

3.0 (2.2, 3.9) 

3.4 (2.3, 4.7) 

3.2 (2.1, 4.2) 

2066-95 

Downscaled CORDEX 
RCM 

4.9 (3.0, 7.7) 

4.3 (3.1, 6.1) 

4.2 (3.1, 5.4) 

5.4 (3.9, 8.2) 

6.0 (4.4, 9.0) 

5.6 (4.2, 8.4) 

Driving CMIP5 GCM 

5.7 (4.0, 7.1) 

4.7 (3.9, 5.6) 

4.4 (3.5, 5.3) 

5.1 (3.8, 6.3) 

5.8 (4.2, 7.8) 

5.4 (3.8, 6.9) 


Table 3.6 CMIP5 seasonal ensemble global mean projected changes in near-surface surface air temperature (°C) relative to 1976-2005. The 
range for the 10 GCM analysed (listed in Annex 4, Table 3.13) is given in brackets 


CMIP5 global mean projected change 

Summer monsoon season 
(June-September) (°C) 

Winter season (December-February) 

(°C) 


RCP4.5 

RCP8.5 

RCP4.5 

RCP8.5 

2036-2065 

1.4 (0.9, 1.9) 

1.9 (1.3, 2.4) 

1.5 (1.1, 1.9) 

2.0 (1.5, 2.5) 

2066-2095 

1.9 (1.2, 2.4) 

3.3 (2.3, 4.1) 

2.0 (1.4, 2.4) 

3.5 (2.5, 4.2) 


Fig. 3.14 The spatial 
distributions of annual mean 
temperature change (°C) over the 
Hindu Kush Himalaya (top 
panels) for the period 2036-65 for 

(a) representative concentration 
pathway 4.5 (RCP4.5) and 

(b) RCP8.5 and (bottom panels) 
for the period 2066-96 for 

(c) RCP4.5 and (d) RCP8.5 



40°N 
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(c) RCP4.5 (2066-2095) 


60°E 70°E 80°E 90°E 100°E 




1.2 1.4 1.6 1.8 2 2.2 2.4 
























































3 Unravelling Climate Change in the Hindu Kush Himalaya ... 


83 


Box 3.3 What does a 1.5 °C rise in global average temperature mean for the HKH? Analysis of an ensemble 
of five GCM runs projecting a global temperature increase of 1.5 °C by the end of the 21st century, compared to the 
pre-industrial global mean temperature, reveals what this global 1.5 °C increase implies for the High Mountain Asia 
region. According to this ensemble, for the complete HIMAP domain a 1.5 °C global temperature increase would 
mean a temperature increase of 1.8 =b 0.4 °C averaged over the region (Table 3.7). Looking solely at the mountain 
ranges, this enhanced warming is even more pronounced. For the Karakoram, central Himalaya, and southeastern 
Himalaya, a 1.5 °C global temperature increase would imply regional temperature increases of 2.2 °C zb 0.4 °C, 2.0 ° 
C ± 0.5 °C, and 2.0 °C =b 0.5 °C, respectively. 


Table 3.7 Comparison results of models projecting a 1.5 °C increase in near-surface air temperature (°C) globally and for the Hindu Kush 
Himalaya (HKH) and the three sub-domains. The temperature changes are for the end-of-century from the pre-industrial period (2071-2100 
vs. 1851-80) 


RCP 

Model 

Global 

HKH 

HKH1 

HKH2 

HKH3 

RCP2.6 

GISS-E2-R_rlilp3 

1.48 

1.82 

1.87 

1.73 

2.35 

RCP2.6 

MIROC5_rlilpl 

1.48 

1.95 

2.54 

2.46 

2.28 

RCP2.6 

NorES M1 -ME_r 1 i 1 p 1 

1.44 

1.68 

2.05 

1.85 

1.63 

RCP2.6 

HadGEM2-AO_r 1 i lp 1 

1.57 

1.47 

2.04 

1.49 

1.50 

RCP2.6 

MPI-ESM-MR_r 1 i 1 p 1 

1.58 

2.16 

2.58 

2.42 

2.11 

MEAN 


1.51 

1.82 

2.22 

1.99 

1.97 

RANGE 


0.14 

0.69 

0.71 

0.97 

0.85 

SD 


0.06 

0.26 

0.32 

0.43 

0.39 


3.4.2 Precipitation Projected to Increase, 
but with Regional Diversity 

There is a divergence among models in projecting future 
changes in precipitation . No ideal model captures South 
Asian monsoon behaviour. Unlike temperature, the precip¬ 
itation response to climate change over the HKH region is 
subject to larger uncertainties both in the CMIP and COR- 
DEX models (e.g., Choudhary and Dimri 2017; Hasson 
et al. 2013, 2015; Mishra, 2015; Sanjay et al. 2017b). 
Evaluating 20 CMIP5 GCM, Hasson et al. (2015) analysed 
the seasonal cycle of precipitation in the main river basins of 
the HKH, and emphasized that the inter-model spread on 
monsoonal precipitation is more in the western parts of the 
region corn-pared to the eastern parts of the region. CMIP5 
models are more skillful in terms of simulating patterns, but 
the intra-seasonal variability remains problematic (Sperber 
et al. 2013). Climate models have considerable difficulty in 
simulating the observed pattern because of extremes in 
topography. Even with multi-model evaluation of global 
changes in mean precipitation per degree of warming (22 
atmosphere-ocean general circulation models (AOGCM) 
projection), there is an increase in precipitation over the 
south and southeastern Asian region during the summer 
season, but over the Himalaya fewer models are in agree¬ 
ment (IPCC 2007). Hasson et al. (2013) reported large 
uncertainties in the way CMIP3 models describe the future 


water budget in large HKH river basins, with a clearer 
tendency for wetter conditions in the eastern basins. 

Regional climate model (PRECIS) analysis carried out on a 
river basin scale (Indus Basin) by Rajbhandari et al. (2015) 
could not establish any trends in precipitation changes in the 
future in the western HKH. However, in the eastern Himalaya 
(Koshi Basin), based on the eight GCM downscaled using the 
delta method, the authors reported for both RCP4.5 and 
RCP8.5 a 10-20% increase in rainfall during the summer 
monsoon and about a 5 % increase in the winter season over the 
trans-Himalayan part of the basin (Rajbhandari et al. 2016). 
Similarly, Bharati et al. (2016) reported an increase in future 
precipitation over trans-mountain sub-watersheds in the 2030s 
and 2050s. A study carried out by Kulkami et al. (2013) over 
the HKH using PRECIS reported a 20-40% increase in 
monsoon rainfall towards the end of the 21st century. The 
precipitation is not simulated as well at regional scales by 
global climate models used in CMIP5 experiments for the 
IPCC Assessment Report 5 (AR5), and the assessment is 
hampered by observational uncertainties (IPCC 2013). The 
AR5 highlights that the projected changes in the water cycle at 
regional scale will be strongly influenced by natural internal 
variability and may be affected by anthropogenic aerosol 
emissions. This assessment further notes that while the South 
Asian summer monsoon winds are likely to weaken, monsoon 
precipitation is likely to intensify due to the increase in atmo¬ 
spheric moisture (e.g., Kitoh 2017; Krishnan et al. 2013). 
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Table 3.8 Seasonal ensemble mean projected changes in total precipitation (%) relative to 1976-2005 in three Hindu Kush Himalaya 
(HKH) subregions defined by grid cells within each subregion above 2,500 m a.s.l. (see Fig. 3.1): northwestern Himalaya and Karakoram 
(HKH1); central Himalaya (HKH2); southeastern Himalaya and TP (HKH3). The range for the 10 GCM and 13 RCM (listed in Table 3.13 in 
Annex 4) analysed is given in brackets 


Scenario 

Period 

Multi-model ensemble 

mean 

Summer monsoon season (June- 
September) (%) 

Winter season (December-February) (%) 

HKH1 

HKH2 

HKH3 

HKH1 

HKH2 

HKH3 

RCP4.5 

2036-65 

Downscaled CORDEX 
RCM 

-0.1 

(-11.6, 19.7) 

4.4 

(-4.5, 15.1) 

6.8 

(-5.5, 11.9) 

7.0 

(-13.9, 21.9) 

-0.7 

(-18.6, 15.0) 

3.1 

(-16.4, 19.5) 

Driving CMIP5 GCM 

0.8 

(-17.1, 35.1) 

6.7 

(-0.8, 22.1) 

4.6 

(-1.4, 10.2) 

1.0 

(-10.2, 18.0) 

-7.7 

(-21.0, 2.9) 

2.1 

(-7.8, 14.8) 

2066-95 

Downscaled CORDEX 
RCM 

3.5 

(-9.8, 29.3) 

10.5 

(-4.9, 29.9) 

10.4 

(-3.4, 20.4) 

14.1 

(-4.9, 34.4) 

1.5 

(-19.3, 36.7) 

3.7 

(-19.6, 32.1) 

Driving CMIP5 GCM 

-0.3 

(-23.2, 34.8) 

11.8 

(-1.4, 33.0) 

7.3 

(0.6, 13.0) 

6.2 

(-6.8, 43.3) 

-0.7 

(-17.3, 22.0) 

5.5 

(-14.6, 23.9) 

RCP8.5 

2036-65 

Downscaled CORDEX 
RCM 

3.7 

(-13.8, 22.3) 

9.1 

(-3.2, 23.6) 

10.2 

(-5.1, 22.2) 

12.8 

(-12.3, 28.8) 

-1.3 

(-19.7, 7.0) 

0.9 

(-13.2, 24.4) 

Driving CMIP5 GCM 

3.6 

(-16.6, 48.8) 

10.7 

(-4.1, 28.3) 

5.7 

(-1.4, 13.8) 

5.1 

(-10.9, 36.0) 

-8.5 

(-25.5, 2.1) 

0.7 

(-18.8, 25.4) 

2066-95 

Downscaled CORDEX 
RCM 

3.9 

(-14.9, 60.0) 

19.1 

(-6.0, 40.5) 

22.6 

(-6.1, 49.0) 

12.9 

(-30.3, 35.4) 

-8.8 

(-33.2, 25.9) 

0.6 

(-16.6, 35.7) 

Driving CMIP5 GCM 

5.0 

(-17.7, 79.9) 

19.1 

(-1.1, 34.0) 

9.7 

(-1.8, 23.8) 

6.9 

(-20.9, 54.7) 

-8.1 

(-35.5, 14.2) 

6.0 

(-26.0, 42.8) 


Future projections of summer monsoon precipitation over 
parts of the HKH , based on the CORDEX RCM , indicate a 
likely increase by 4-12% in the near future and by 4-25% 
in the long term (see Table 3.8). On the other hand, winter 
precipitation is projected to increase by 7%-15% in the 
Karakoram, but to decline slightly in the central Himalaya. It 
is important to mention that the CORDEX RCM have 
inherent limitations in reproducing the observed character¬ 
istics of the summer monsoon rainfall variability (Singh et al. 
2017), and that future projections of precipitation extremes 
are unresolved, both across studies and across regions (e.g., 
Palazzi et al. 2013). Kapnick et al. (2014) emphasize the need 
to employ higher-resolution climate model simulations, as 
compared to the CMIP5 models, to better describe the dis¬ 
tinct seasonal cycles and resulting climate change signatures 
of Asia’s high-mountain ranges in the HKH. 

Future projections of annual mean precipitation change, 
based on CMIP5 multi-model ensemble mean , have indi¬ 
cated an increase in precipitation over the HKH for both 
RCP4.5 and RCP8.5 scenarios (Fig. 3.11b). Similar to the 
surface temperature projections, simulation data from the 
CMIP5 models reveal enhanced precipitation change over the 
HKH compared to the global mean change by the end of the 
21st century (Fig. 3. lid). The projected change in precipi¬ 
tation is similar for both scenarios until the 2050s, after which 
the RCP8.5 shows more increase until the end of the 21st 
century. Apart from a few projections for the near future, 
most of the projections show an increase in precipitation. 


The magnitude and sign of the projected seasonal percent 
change was found to vary with region , season , averaging 
period , and scenario used. The spatial pattern of the sea¬ 
sonal ensemble mean projected percent changes in total 
precipitation based on high-resolution CORDEX South 
Asia RCM is shown over the HKH for the periods 2036-65 
(near future; Fig. 3.12) and 2066-95 (far future; Fig. 3.13) 
relative to 1976-2005. The striping indicates where at least 
10 of the 13 realizations concur on an increase (vertical) or 
decrease (horizontal) in total precipitation for the RCP. The 
individual RCM agree on a projected summer season 
increase in precipitation over the hilly regions in the central 
Himalaya (HKH2) and southeastern Himalaya and TP 
(HKH3) for both RCP4.5 and RCP8.5 scenarios in the 
near-future and far-future periods. There is less model 
agreement on the southern slopes of the Himalaya, and in the 
northwestern Himalaya and Karakoram (HKH1) region, 
during the summer season for both scenarios until the end of 
the 21st century. The models agree well on the winter season 
increase in total precipitation over HKH1 for near-future and 
far-future periods and for both scenarios. The confidence 
among the models for projected reduction in winter precip¬ 
itation over HKH2 and HKH3 is low for both scenarios in 
the two periods. 

Table 3.8 shows the projected total precipitation changes 
in the hilly region (see Fig. 3.1) with RCP4.5 and RCP 8.5 
scenarios for near-future and far-future periods. This detailed 
analysis further confirms that during summer (winter), rela¬ 
tively higher (lower) precipitation increase will occur over 
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Fig. 3.15 The spatial 
distributions of annual mean 
precipitation change (%) over the 
Hindu Kush Himalayan region for 
(a, c) RCP4.5 and (b, d) RCP8.5 
during (a, b) 2036-65 and 
(c, d) 2066-95 
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HKH2 and HKH3 than in HKH1 for both scenarios by the 
end of the 21st century. The largest projected seasonal 
ensemble mean total precipitation increase for the 
high-resolution CORDEX RCM during the summer mon¬ 
soon season is about 10% over HKH2 with the RCP4.5 
scenario and about 22% over HKH3 with the RCP8.5 sce¬ 
nario. During winter the largest projected increase in pre¬ 
cipitation is over HKH1 of about 14% and 13% with 
RCP4.5 and RCP8.5 scenarios, respectively. However, it can 
be seen that the spread among the models is large for the 
high-resolution CORDEX RCM, as well as for their driving 
CMIP5 GCM (Sanjay et al. 2017b). 

Detailed analysis of the CMIP5 multi-model annual pre¬ 
cipitation projections over HKH (Annex 3) suggests that 
the western part of this region tends to be drier and the 
Tibetan region tends to be wetter in the future (see 
Fig. 3.15). The large magnitudes of precipitation appear by 
the end of the 21st century under RCP4.5 and RCP8.5. 


3.5 Limitations and Gaps in the Analysis 

There is no previous study specifically for the HKH region as 
defined by HIMAP; therefore, a major part of this chapter is 
based on original analyses for both the historical period and 
the future. Large gaps in observations exist in the HKH, 
especially in Afghanistan, Pakistan, Myanmar, Bhutan, and 
Nepal, and for the northwestern part of the TP. Monthly and 
daily pre-1950 data are lacking for most parts of the HKH, and 
the gap is particularly large for areas outside of India. The daily 


I I I | | | f % 

0 2 4 6 8 10 12 14 16 

data post-1950 are also insufficient in some areas, including 
Afghanistan, Pakistan, Myanmar, Bhutan, and Nepal, and the 
northwestern part of the TP. The sparseness of observational 
data is the major source of uncertainties in the estimates of 
long-term trends of mean and extreme climatic indices in the 
HKH. Improvement in data coverage is under way, but time is 
needed to obtain records that are sufficiently long term to allow 
analysis of past climate change. An effective measure to 
increase the coverage of data is to recover and digitize the 
original records from earlier years still kept in paper docu¬ 
ments in some countries, in coordination with the activities of 
Atmospheric Circulation Reconstructions over the Earth 
(ACRE) China, ACRE SE Asia, and ACRE Indian Ocean. 

Uncertainties with the observational studies also result 
from the gaps in studies, including the data processing and 
analysing methods. Data inhomogeneities related to station 
relocations and instrumentation sometimes cause large bia¬ 
ses in the estimates of trends of key climatic elements if 
proper adjustments have not been made. Major uncertainty 
with the estimates of extreme temperature trends comes from 
the systematic bias of the historical temperature data series 
caused by urbanization. Similar to the mean surface air 
temperature, urbanization also exerts a large effect on the 
long-term trends of the extreme temperature indices in a 
subcontinental region like mainland China (Ren et al. 2014; 
Sun et al. 2016; Zhou and Ren 2009, 2011). The effect of 
urbanization in annual and seasonal extreme temperature 
indices series in the TP region has not yet corrected. How¬ 
ever, even if we take this effect into account, the baseline 
warming over the TP and the HKH, probably caused by 
global and regional drivers including the anthropogenic 
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increase in atmospheric C0 2 concentration, could be still 
significant. The sparseness of early-year observations in the 
TP, the Yunnan-Guizhou Plateau, and Pakistan and 
Afghanistan is also an important source of the uncertainties. 

Scenarios or the pathways are the trajectories undertaken 
by climate models to derive future climate. Models use 
various pathways to create future climate scenarios; there¬ 
fore, uncertainties are inherent in the model. In the present 
study, RCP4.5 and RCP8.5 have been used to analyse the 
future climate. Although future pathways are uncertain, a 
comparison of recent global trends in carbon dioxide emis¬ 
sions shows that the current emission is close to RCP8.5 
(Friedlingstein et al. 2014; Peters et al. 2012). 

The future temperature and precipitation presented in 
Sect. 3.4 are analyses of outputs from GCM and CORDEX 
South Asia models. Although many of the multi-model 
projections agree on the direction of changes, there are dif¬ 
ferences in magnitude and spatial distribution. CORDEX 
South Asia model outputs have not been validated over the 
HKH, and the results provided only for the assessment of the 
trend and not of the magnitude of the event. 


Annex 1: Data and Methods for Analysis 
of Past Temperature 

For this assessment, the source of monthly mean temperature 
(Tmean), maximum temperature (Tmax), and minimum 
temperature (Tmin) data is the CMA GLSAT-V1.0 (Xu et al. 
2014). The data in the CMA GLSAT-V1.0 have been 
quality-controlled and homogenized. The record length is 
114 years (1901-2014). Only those stations with at least 
15 years of records in the base period 1961-90 were selected 
for analysis and, at the same time, the station’s records were 
required to be greater than or equal to 5 years during the first 
half and the last half of the analysis period (1901-60 and 
1990-2014). The total numbers of stations used for the 
analysis was therefore 122 for Tmean, 94 for Tmax and 94 
for Tmin in the HKH. In addition, if there were 6 months in 
1 year without data, that year was not included for calcula¬ 
tion. Distribution of the stations used is shown in Fig. 3.16a. 

To reduce the biases caused by uneven station density or 
temporal variations in data coverage, the Climate Anomaly 
Method (CAM) (Jones and Moberg 2003) was employed. 
First, each station was assigned to a regular 2.5° x 2.5° or 
5° x 5° latitude-longitude grid box. The grid boxes had at 
least one station. Then, grid box temperature anomalies were 
calculated by averaging anomalies for the stations within grid 
boxes. Finally, the HKH average temperature, maximum 
temperature, and minimum temperature anomalies were 
calculated by the area-weighted average (using the cosines of 
the mid-grid latitude as weights) of all grid box anomalies. 


The reference period 1961-90 was chosen, mainly because 
of the better record of spatial coverage. Annual values were 
calculated by averaging all 12 monthly values. The linear 
trends of the temperature anomaly series were the linear 
regression coefficients between temperature and ordinal num¬ 
bers of time obtained by using the least squares method (e.g., 
I = 1, 2, 3 ... 64 for 1901-2014 or 1951-2014 for extreme 
analysis). The significance of the linear trends of temperature 
series was judged by using the two-tailed simple-test method. 
In this assessment, a trend is considered statistically significant 
if it is significant at the 5% (p < 0.05) level. 

The source of daily Tmax and Tmin measurements for 
current analysis was the global land surface daily air tem¬ 
perature data set V1.0, developed by the CMA. The temper¬ 
ature data set has been quality controlled and includes daily 
Tmean, Tmax, and Tmin. The record length varied for sta¬ 
tions, but a 55-year period (1961-2015) was used for the 
assessment in the HKH. All stations included in the report 
were required to have at least 30 years of records for the 
whole period and at least 15 years of records during the 1961— 
90 reference period. Stations were also required to have at 
least 10 months of records for every year with data. The total 
number of stations used was therefore 478. The spatial dis¬ 
tribution and record length of the temperature stations in the 
HKH are shown in Fig. 3.16, and the data sources and the 
numbers of stations used in this report are shown in Table 3.9. 

Nine temperature-related indices of the 27 extreme cli¬ 
mate events indices recommended by the ETCCDI are used 
in this report. They include cold nights (TNIOp), cold days 
(TXlOp), warm nights (TN90p), warm days (TX90p), 
monthly maximum value of daily maximum temperature 
(TXx), monthly minimum value of daily minimum temper¬ 
ature (TNn), frost days (FD), summer days (SU), and daily 
temperature range (DTR). The definitions of the indices can 
be found in Table 3.10 (You et al. 2015; Zhou and Ren 
2011) (Tables 3.11 and 3.12). 


Annex 2: Data and Methods for Analysis 
of Past Precipitation 

The sources of monthly and daily precipitation measurement 
for current analysis are from the CMA GLMP-V1.0 and 
Global Land Daily Precipitation data set V1.0 (CMA 
GLDP-V1.0). The data in the GLMP-V1.0 have been quality 
controlled and the record length is 113 years (1901-2013), 
while the GLDP-V1.0 data have also been quality controlled 
but have not been homogenized, and they only have records 
of 53 years (1961-2013). 

In the HKH, stations were selected that have at least 
10 years of precipitation records in the base period 1961-90, 
at least 5 years in the period 1901-50, and 5 years in the 
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Fig. 3.16 Spatial distribution, 
record length, and gridboxes 
(grey area) of stations with daily 
temperature data in the HKH 
(20-40° N, 60-105° E). 

(a) 1901-2014 for monthly data; 

(b) 1961-2015 for daily data 
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Table 3.9 Daily data sources and station numbers between 1951 and 
2014 


Data set 

CMA 

GHCND 

GSOD 

ECA 

Russia 

Vietnam 

Number 

387 

55 

27 

6 

1 

2 

Percentage 

80.1 

11.5 

5.6 

0.2 

0.4 

1.2 


CMA China Meteorological Administration; GHCND Global Historical 
Climatology Network-Daily; GSOD Global Surface Summary of the 
Day; EC A European Climate Assessment 


period 1991-2013 for studying the precipitation change in 
the period 1901-2013. A total of 245 stations was selected, 
as shown in Fig. 3.17a. The stations are not dense enough, 
except for India and southwestern China. 


For the analysis of extreme precipitation for the period 
1961-2013, daily precipitation data were selected with at 
least 10 years of records in the base period 1961-90 and 
another 5 years in the period 1991-2013. In total, 1,024 
stations were selected for use, and the spatial distribution 
was plotted in Fig. 3.17b. The stations are uniformly and 
densely distributed throughout this region, except for 
Afghanistan, Bangladesh, Bhutan, the Qinghai-Tibet Pla¬ 
teau, Myanmar, Nepal, and Pakistan, where the data cover¬ 
age is relatively poor. 

As the yearly precipitation records in the study region 
have huge discrepancies, PSA were used to calculate the 
regional averages of precipitation amount and to compare 
the changing trends in different parts of the HKH. PPA was 
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Table 3.10 List of ETCCDI core extreme temperature indices used in 
this report 



Indicator name 

Definitions 

Units 

DTR 

Diurnal 

temperature 

range 

Monthly mean difference 
between TX and TN 

°C 

FD 

Frost days 

Annual count when TN (daily 
minimum) <0 °C 

Days 

SU 

Summer days 

Annual count when TX (daily 
maximum) >25 °C 

Days 

TNI Op 

Cool nights 

Percentage of days when 

TN <10th percentile 

Days 

TN90p 

Warm nights 

Percentage of days when 

TN >90th percentile 

Days 

TNn 

Min Tmin 

Monthly minimum value of 
daily minimum temp 

°C 

TXlOp 

Cool days 

Percentage of days when 

TX <10th percentile 

Days 

TX90p 

Warm days 

Percentage of days when 

TX >90th percentile 

Days 

TXx 

Max Tmax 

Monthly maximum value of 
daily maximum temp 

°C 


Table 3.11 ETCCDI core extreme precipitation indices used in this 
chapter 


ID 

Indicator name 

Definitions 

Units 

ATP 

Annual total 
precipitation 

Annual total precipitation 
when daily rainfall >0.1 mm 

mm 

PA 

Precipitation 

anomaly 

The anomaly (based on 1961— 
90) of ATP 

mm 

PSA 

Precipitation 

standardized 

anomaly 

PA divided by ATP standard 
deviation (on 1961-90) 

None 

PPA 

Precipitation 

percentage 

anomaly 

PA divided by ATP (on 1961— 
90) 

% 

WD 

Wet day 

Annual total days when daily 
rainfall >0.1 mm 

Day 

WDA 

Wet day 
anomaly 

The anomaly (based on 1961— 
90) of WD 

Day 

SDII 

Simple daily 
intensity index 

ATP divided by WD, or 
average daily precipitation 

mm/day 

DPIA 

Daily 

precipitation 

intensity 

anomaly 

The anomaly (based on 1961— 
90) of SDII 

mm/day 

LR 

Light rain 

Precipitation when daily 
rainfall <5 0th percentile 

mm or 

d 

MR 

Moderate rain 

Precipitation when daily 
rainfall is between 50th and 
90th percentiles 

mm or 

d 

IR 

Intense rain 

Precipitation when daily 
rainfall >9 0th percentile 

mm or 

d 


Table 3.12 Basic information on the 24 CMIP5 models 


Model 

Institution and country 

Resolution 
(long, x lat.) 

ACCESS 1.0 

CSIRO-BOM/Australia 

192 x 145 

BCC-CSM1.1 

Beijing Climate Center, 
CMA/China 

128 x 64 

BNU-ESM 

GCES S/China 

128 x 64 

CanESM2 

Canadian Centre for 
Climate Modeling and 
Analysis/Canada 

128 x 64 

CCSM4 

NCAR/USA 

288 x 192 

CESM1-BGC 

National Science 
Foundation (NSF)- 
Department of Energy 
(DOE)-NCARAJSA 

288 x 192 

CNRM-CM5 

CNRM and 

CERF ACS/France 

256 x 128 

CSIRO-Mk3-6-0 

CSIRO and 

QCCCE/Australia 

192 x 96 

GFDL-ESM2G 

N O A A/GFDL/U S A 

144 x 90 

GFDL-ESM2 M 

N O A A/GFDL/U S A 

144 x 90 

HadGEM2-ES 

MOHC/UK 

192 x 145 

HadGEM2-CC 

MOHC/UK 

192 x 145 

HadCM3 

MOHC/UK 

96 x 73 

INMCM4 

Institute of Numerical 
Mathematics (INM)/ 

Russia 

180 x 120 

IPSL-CM5A-LR 

IPSL/France 

96 x 96 

IPSL-CM5A-MR 

IPSL/France 

144 x 143 

MIROC5 

MIROC/Japan 

256 x 128 

MIROC-ESM 

MIROC/Japan 

128 x 64 

MIROC-ESM-CHEM 

MIROC/Japan 

128 x 64 

MIROC4 h 

MIROC/Japan 

640 x 320 

MPI-ESM-LR 

MPI-M/Germany 

192 x 96L56 

MPI-ESM-MR 

MPI-M/Germany 

192 x 96L47 

MRI-CGCM3 

Meteorological 

Research 

Institute/Japan 

320 x 160 

NorESMl-M 

Norwegian Climate 

Centre (NCC)/Norway 

144 x 96 


BOM Bureau of Meteorology; CMA China Meteorological 
Administration; CNRM Centre National de Recherches 
Meteorologiques; CSIRO Commonwealth Scientific and Industrial 
Research Organisation; GCESS Global Change and Earth System 
Science; GFDL Geophysical Fluid Dynamics Laboratory; IPSL Institut 
Pierre-Simon Laplace; MIROC Model for Interdisciplinary Research on 
Climate; MOHC Met Office Hadley Centre; MPI-M Max Planck 
Institute for Meteorology; NCAR National Center for Atmospheric 
Research; NOAA National Oceanic and Atmospheric Administration 
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Fig. 3.17 Spatial distribution of 
precipitation stations in the Hindu 
Kush Himalaya, (a) 1901-2013 
for monthly data; (b) 1961-2013 
for daily data 



also used because it is sometimes a more useful indicator for 
comparing the regional and temporal differences of precip¬ 
itation amount. For wet days or precipitation days, and 
simple daily intensity index (SDII) or daily precipitation 
intensity, however, the WDA and DPIA anomalies were 
applied for the analysis. 

The relative threshold values were used to define the 
extreme precipitation events in the assessment report. 
A three-grade system was applied, with the light precipita¬ 
tion day defined as a day with the 24 h precipitation below 
the 50th percentile value of the reference period (1961-90). 
The moderate precipitation day was defined as a day with the 
24 h precipitation between the 50th and 90th percentile 
values of the reference period. The intense precipitation day 
was defined as a day with the 24 h precipitation above the 
90th percentile value of the reference period. The precipi¬ 
tation amount of the categories was the accumulated pre¬ 
cipitation within the different grades of precipitation days, 
and the precipitation intensity was the precipitation amount 
divided by the precipitation days. The definitions of the 
indices used in this study are given in Table 3.11 (You et al. 
2015; Zhang et al. 2011). 


Annex 3: Analysis of CMIP5 Data 

The projection of temperature and precipitation can help 
policy makers in their efforts to make decisions. The per¬ 
formance of climate models (for instance, in terms of their 
resolution and the complexity of the physical processes they 
can consider) has been improved greatly in recent years. As 
such, the outputs of these models have provided a solid basis 
for the projection of climate changes. Many researchers 
have, through historical analysis, been able to assess the 
capabilities of the climate models involved in CMIP3 and 
CMIP5. Based on these assessments, projections have been 
made with respect to the mean state and climate extremes 
over different regions in different periods of the 21st century 
under various emissions scenarios. 

In this study, we employed 24 model simulations from 
CMIP5 RCP4.5 and RCP8.5 (see Table 3.12 for model 
information). For comparison, the model outputs were 
interpolated onto a common lxl. The equal weight aver¬ 
ages of 24 GCM were taken to be the projected changes, and 
the changes were relative to the baseline period (1976-2005). 
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Fig. 3.18 Spatial distributions of 
mean temperature over the Hindu 
Kush Himalaya during 1976- 
2005 (units: °C). (a) Observation; 
(b) the multi-model ensemble 


Fig. 3.19 Spatial distributions of 
mean precipitation over the Hindu 
Kush Himalaya during 1976- 
2005 (units: mm); 

(a) observation; (b) the 
multi-model ensemble 
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The assessments of temperature (Fig. 3.1) and precipitation 
(Fig. 3.2) over HKH during 1976-2005 were conducted 
using CRU data and CMIP5 model simulations. Overall, the 
multi-model ensemble can reproduce the spatial distribution 
of temperature and precipitation over HKH, but it underes¬ 
timates for temperature and overestimates for precipitation 
owing to lower resolution from CMIP5 global models 
(Figs. 3.18 and 3.19). 


Annex 4: Analysis of CORDEX Data 

A thorough understanding of the regional climate variability 
in the present and future time scales would enrich the 
information available for policy makers and stakeholders 
and allow them to make informed decisions. Since there is 
no pre-existing climate assessment of the HKH region, 
global climate projections available from CMIP using 
existing state-of-the-art coupled AOGCM need to be 
downscaled at high spatial resolution to resolve the com¬ 
plexities of the monsoon and other hydrological processes 
over regional scales. With this objective in mind, the Centre 
for Climate Change Research (CCCR 12 ) at the Indian 
Institute of Tropical Meteorology (IITM) and various 


international modelling centres are actively involved in the 
generation of regional climate change projections for South 
Asia by participating in CORDEX, the World Climate 
Research Programme (WCRP) initiative. 13 These ensem¬ 
bles of dynamically downscaled projections of regional cli¬ 
mate over the large domain covering South Asia (19.25oE- 
116.25oE; 15.75oS-45.75oN) using high-resolution (50 km) 
RCM are archived at CCCR-IITM, the nodal agency for 
CORDEX South Asia (Sanjay et al. 2017b). A high-end 
climate data server has been set up at CCCR-IITM for 
archiving and disseminating these high-resolution regional 
climate data sets through the CCCR web portal 14 and by 
publishing on the CCCR-IITM Earth System Grid Federa¬ 
tion (ESGF) data node. 15 The list of models used in this 
study is provided in Table 3.13. 

The WCRP’s Working Group on Regional Climate and 
the Working Group on Coupled Modelling, the former 
coordinating body of CORDEX, and the responsible panel 
for CMIP5, are gratefully acknowledged. The climate 
modelling groups (listed in Table 3.12) are thanked sin¬ 
cerely for producing and making available their model out¬ 
put. The authors thank the ESGF infrastructure and the 
climate data portal hosted at the CCCR, IITM, for providing 
CORDEX South Asia data. 


12 http://cccr.tropmet.res.in/home/index.jsp. 


13 http://www.cordex.org/. 

14 http ://cccr.tropmet.res .in/home/data_portals.j sp . 
1 5 http ://cccr.tropmet.res .in/home/esgf_data.j sp . 
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Table 3.13 The 13 CORDEX South Asia downscaled regional climate model simulations driven by 10 CMIP5 general circulation models 


CORDEX South Asia 
RCM 

RCM description 

Contributing 

CORDEX modelling 
centre 

Driving CMIP5 GCM a 

Contributing CMIP5 modelling 
centre 

IITM-RegCM4 (six 
ensemble members) 

Abdus Salam ICTP 
Regional Climatic 

Model version 4 
(RegCM4; Giorgi et al. 
2012) 

CCCR, IITM, India 

CCCma-CanESM2 

Canadian Centre for Climate 
Modelling and Analysis 
(CCCma), Canada 

NOAA-GFDL-GFDL-ESM2 M 

NOAA, GFDL, USA 

CNRM-CM5 

CNRM, France 

MPI-ESM-MR 

MPI-M, Germany 

IPSL-CM5A-LR 

IPSL, France 

CSIRO-Mk3.6 

Commonwealth Scientific and 
Industrial Research 

Organisation (CSIRO), 

Australia 

SMHI-RCA4 (six 
ensemble members) 

Rossby Centre regional 
atmospheric model 
version 4 (RCA4; 
Samuelsson et al. 

2011) 

Rossby Centre, 

Swedish 

Meteorological and 
Hydrological Institute 
(SMHI), Sweden 

ICHEC-EC-EARTH 

Irish Centre for High-End 
Computing (ICHEC), 

European Consortium (EC) 

MIROC-MIROC5 

Model for Interdisciplinary 
Research On Climate 
(MIROC), Japan Agency for 
Marine-Earth Sci. and Tech., 
Japan 

NOAA-GFDL-GFDL-ESM2 M 

NOAA, GFDL, USA 

CNRM-CM5 

CNRM, France 

MPI-ESM-LR 

MPI-M, Germany 

IPSL-CM5A-MR 

IPSL, France 

MPI-CSC-REM02009 
(one ensemble 
member) 

MPI Regional model 
2009 (REM02009; 
Teichmann et al. 2013) 

Climate Service 

Center (CSC), 

Germany 

MPI-ESM-LR 

MPI-M, Germany 


a https://verc.enes.org/data/enes-model-data/cmip5/resolution). CCCR Centre for Climate Change Research; CNRM Centre National de Recherches 
Meteorologiques; GFDL Geophysical Fluid Dynamics Laboratory; ICTP International Centre for Theoretical Physics; IITM Indian Institute of 
Tropical Meteorology; IPSL Institut Pierre-Simon Laplace; MPIM Max Planck Institute for Meteorology; NOAA National Oceanic and 
Atmospheric Administration; RCM regional climate model 
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Chapter Overview 


Key Findings 

This is a precarious moment for the Hindu Kush 
Himalaya (HKH). Environmentally, socially, and 
economically, there is no single likely future for the 
HKH. Between now and 2080, the HKH may run 
downhill , or the region may continue doing business 
as usual and muddling through, or it may advance 
toward prosperity. 

Evidence-based actions to reduce disaster risk, 
to mitigate and adapt to climate change and to 
adopt good governance, are central to ensuring 
prosperity in the HKH by 2080, as well as collab¬ 
oration among state and non-state actors. Two 
potential pathways— large-scale investment in sus¬ 
tainable development with regional cooperation , and 
bottom-up investment with local and national coop¬ 
eration —both involve substantial collaboration at 
different levels (regional, national, or sub-national). 


Policy Messages 

To avert the downhill scenario for the HKH in 
2080, institutional mechanisms must confront the 
main challenges and resolve conflicts at various 
levels, and among various social groups. Globally, 


actions towards climate change mitigation and adaptation 
are urgently needed. Regionally, actions for sustainable 
livelihoods and economic growth should consider 
maintaining and improving the diversity and uniqueness 
of transboundary HKH natural assets, socio-cultural 
richness, ecosystem services as well as the need for 
political collaboration and information sharing. 

If decision-makers, governments, institutions, 
and communities in the HKH continue business as 
usual, the HKH will face significant risk. Strategic 
action must be taken to change continued inadequate 
implementation of environmental protections; the ongoing 
suboptimal use of water and biodiversity resources; the 
continuance of unplanned urbanization in HKH; and the 
failure to adequately reduce greenhouse gas emissions. 

To achieve prosperity in 2080, it is important to 
consider two potential pathways for the HKH— 
large-scale sustainable development investment 
with regional cooperation, and bottom-up invest¬ 
ment with local and national cooperation. Both 
paths critically presuppose cooperation and coordina¬ 
tion. Large-scale investment would rely on high-level 
decisions, made across national boundaries, to capi¬ 
talize on emerging and unique economic opportunities 
in the regional market. Bottom-up investment would 
mobilize local and national investments and 
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development initiatives, managed across various levels 
of society and government and with the collaboration 
of multiple stakeholders. 

The two paths toward prosperity in the HKH 
are not mutually exclusive—they can and need to 
be integrated. Decision makers may combine ele¬ 
ments of either path at various stages, making 
trade-offs between the benefits and risks associated 
with different actions at different levels. 

To illuminate future uncertainties and inform strategic plans, 
this chapter presents three qualitative scenarios for the status 
of the HKH through 2080. The scenarios (Box 4.1) emerged 
from a participatory visioning exercise for scenario devel¬ 
opment (also see Sect. 4.1.2) conducted by the chapter team 
and HIMAP secretariat between January and September 
2016. Over six successive workshops, decision makers and 
scientists representing HKH countries determined what 
would constitute a prosperous HKH scenario for 2080— 
along with its less desirable alternatives, business as usual 
and downhill (Fig. 4.1). 



A: Historical trends discussed in individual chapters B: Current commitments towards 2030 
C: Pathways towards 2050 D: Scenarios for 2080 


Fig. 4.1 Three scenarios depicting the possible prosperity develop¬ 
ment for the HKH in 2080: downhill, business as usual, prosperous 


Box 4.1 How do scenarios contribute to envi¬ 
sioning the future? 

In conventional planning approaches, which are still 
used in many countries and institutions, one planning 
period is followed by the next, and each planning 
period can be relatively independent of the earlier 
planning periods. This can create gaps and a lack of 
consistency between consecutive planning phases as 
the objectives may change drastically from one plan¬ 
ning phase to the next. Additionally, the relatively 
short lifetime of conventional planning periods 
(5 years), makes them less suitable for exploring 
uncertainty in future societal and environmental con¬ 
ditions likely to occur in the longer term. 

To enable short-term developmental actions to be 
consistent with longer-term societal and environmental 
transformation pathways towards a desired future, 
long-term future scenarios are used. It is important to 
note that a scenario is not a forecast or prediction; 
rather it is a plausible story about the future with a 
logical plot and narrative governing the manner in 
which events unfold. 

Scenario development generally summarizes dis¬ 
courses such as those on poverty, nutrition, food 
security, and demographic change into a “shared 
vision” taking into consideration various stakeholders. 

No regional quantitative model simulations for 
future social economic scenarios of the HKH region 
have been developed previously. As a result, as part of 
this overall HIMAP assessment, this chapter team 
made the first step and developed qualitative scenarios. 
We facilitated a participatory process by interviewing 
experts and stakeholders to develop such storylines to 
help in generating qualitative scenarios for HKH. 
Also, given the unique character of the HKH a 
regional level scenario development process allowed 
for a shared vision for the future which individual 
country-level scenarios cannot. Therefore, the HKH 
scenarios are presented in the form of storylines based 
on inputs of all scenario-development workshop 
participants. 

While present trends and policy agreements such as 
the SDGs are governing country-level commitments 
for development during 2015-2030, forward-looking 
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alternative pathways can assist in guiding policy for 

the decades from 2030 to 2050 that will ideally orient 

the HKH toward prosperity in 2080. 

What will the prosperous scenario for the HKH look like, 
and what pathways lead to it? These questions were at the 
centre of a participatory scenario-development process that 
was facilitated by this chapter team. Through this process, 
participants identified challenges and opportunities, and 
created the storylines which are described here. Working 
backward from the three 2080 scenarios—and with reference 
to currently available national commitments to the Sustain¬ 
able Development Goals (SDG) and its targets for 2020 and 
2030—the participants identified two broad potential path¬ 
ways to prosperity and the necessary actions that can put the 
HKH on one of those pathways (see Fig. 4.1). 

Participants in this visioning process developed three 
storylines, one for each possible future scenario in the 
region. In the worst or downhill storyline, regional conflicts 
over resource sharing persist—and even multiply as scarcity 
increases. People and institutions do not benefit from 
emerging opportunities for efficient resource use. Commu¬ 
nities remain isolated from the larger market systems. 
Mountain livelihoods do not include inclusive growth 
through new innovations, skills and practices. Ecosystems 
are degraded and biodiversity loss continues, mitigation 
efforts fail, and fossil fuels remain the dominant energy 
source. Climate change impacts reflect the Intergovern¬ 
mental Panel on Climate Change (IPCC)’s worst case sce¬ 
nario—global temperature rising by substantially more than 
2.0 °C. In short, the downhill scenario encompasses strong 
climate change, a socially, economically and politically 
unstable region, and strong ecosystem degradation. 

In the business as usual storyline, today’s economic 
growth patterns persist. Business and industries strive to 
keep meeting economic targets, while most meet only the 
minimum required standards for the environment and sus¬ 
tainability. There is some cooperation among HKH coun¬ 
tries, although the cooperation is neither envisioned nor 
realized in all the ways in which it could succeed, nor in all 
the sectors where it could do so. The value of ecosystems is 
recognized by some, but not as broadly or in as many 
quarters as possible. Although some climate change miti¬ 
gation efforts are put in place, they do not proceed rapidly or 
effectively enough to meet the 1.5 °C target set at the 
UNFCCC Conference of Parties 21 (COP21), held in Paris 
in December 2015. In short the business as usual scenario 
envisions strong climate change, medium social, economic 
and political instability, and medium ecosystem degradation. 

In the prosperous storyline, regional cooperation across 
sectors and across governing institutions enables mountain 


and downstream people to utilize a full range of ecosystem 
services, to reduce disaster risks and to enjoy sustainable 
livelihoods and economic growth. The diversity and 
uniqueness of the region’s natural resource assets, political 
life, and collaborative capacities are embraced. Biodiversity 
flourishes and the health of ecosystems improves. Climate 
change mitigation efforts largely succeed, as the regional 
economy shifts to clean and renewable sources for most of 
its energy needs. The impact of climate change reflects the 
IPCC’s moderate scenario. So in brief the prosperous sce¬ 
nario represents HKH facing weak climate change, a 
socially, economically and politically stable region, and low 
ecosystem degradation. 

The approach in Fig. 4.2 shows the three steps for 
deriving alternative pathways, using the 2080 HKH sce¬ 
narios (Step 1), the existing commitments towards 2030 
(Step 2) and the alternative pathways (Step 3). This approach 
leads to a description of the actions necessary to achieve 
progress between 2030 and 2050, while keeping in mind the 
compatibility with the desired and undesired scenarios for 
2080. 

Participants in the consultative workshops acknowledged 
there are many possible and overlapping pathways toward 
the prosperous scenario but chose to consider two in great 
depth. These two pathways differ in the scale of actions, in 
the size of investment needs, in decisions about policy, in 
choices about technology, and in the inclusion of develop¬ 
mental actors. 

Pathway to prosperity 1 : Large-scale sustainable develop¬ 
ment investments with regional cooperation. The HKH 
looks to large or centralised projects in developing its natural 
resources. Water is harnessed for food and energy in ways 
that address gender inequality and persistent poverty. 
Human resources are mobilized on a large scale. National 


Scenarios 

Step 1 



Fig. 4.2 Schematic representation of the steps followed in deriving 
Alternative Pathways towards 2050 
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and international funding is provided through collaboration 
among state, corporate, and non-state actors. Countries 
increasingly share resources, improve communication, and 
acquire infrastructure for greater mobility. Institutions gain 
the strength to govern this cooperation within and outside 
the HKH. Examples of steps along this pathway today 
include: 

• The South Asian Free Trade Area (SAFTA) (SAARC 
2016) 

• The Indus Water Treaty (Government of India 2016a) 

• The India Bhutan Hydropower Treaty (Government of 
India 2016b). 

Pathway to prosperity 2\ Bottom-up investments with 
cooperation across multiple levels. Water and energy, while 
critical, are developed through smaller-scale and decentral¬ 
ized programmes that promote national self-reliance. 
Activity is coordinated among many non-state development 
and social actors, both nationally and sub-nationally. 
Multi-level governance structures are built to maintain local 
diversities; to fund projects, and to monitor progress toward 
scenario goals across actors. Examples of steps along this 
pathway are: 

• Farmer-managed irrigation systems in Nepal; 

• Focal spring water management projects in Sikkim 
(Parvez 2017) and Uttarakhand, India, which include 
micro hydroelectricity projects supported by policy ini¬ 
tiatives and entails upstream-downstream cooperation 
among villages for equitable and robust water allocation. 

These two pathways toward a prosperous scenario for the 
HKH in 2080 are not mutually exclusive. Decision makers 
may combine actions from each pathway at various stages, 
as they weigh the benefits and risks and consider associated 
trade-offs. What is most certain is that for the HKH to seize 
its unique and emerging opportunities while meeting its 
challenges, time is of the essence. If actions through 2030 do 
not pick up speed, but remain at the levels now envisioned, 
the region will not build the cooperation and multilevel 
governance structures that are needed to develop its natural 
resources in ways conducive to prosperity. 


4.1 HKH Scenarios for 2080 

Making the HKH prosperous in the future is the target. But 
there are some important questions: What path needs to be 
followed to make the HKH region prosperous in a 
time-bound manner? What additional and new actions need 
to be adopted? What needs to be avoided? What actions 
decided now can keep the options for a prosperous HKH 


open in the years to come? To answer these questions, it is 
necessary to understand the possible pathways that can 
emerge due to ongoing (in reference period 2015) and likely 
future decision-making processes locally, nationally, 
regionally, and globally. This will help us understand how 
human wellbeing and ecosystem sustenance can continue in 
the HKH. In the face of uncertainty surrounding various 
drivers of development, such as technology, demography, 
socioeconomic decisions, governance systems, and resource 
availability, there can be no single answer to the above 
questions. But it is imperative to explore them because a 
range of plausible futures helps in the design of future 
agenda setting, course of action through uncertainty reduc¬ 
tion, consensus building for strengthening cooperation, and 
identification of gaps between desired policy setting and 
current policy settings. 

Currently, there are no HKH specific quantitative models 
for future scenarios (see Box 4.2 and Sect. 4.1.1 for 
Asia-specific scenarios reflected in global reports that have 
some relevance for the HKH). In keeping with likely global 
futures, there are no comprehensive future scenarios in the 
literature covering environmental change, climate change, 
and social and economic development for the HKH region. 
However, there are standalone studies addressing climate 
change, economic development projections, and future out¬ 
looks which can provide limited guidelines to understanding 
the possible environmental and developmental scenarios for 
the region. This chapter brings together HKH-specific 
observed trends and expert knowledge (see Box 4.1 for the 
concepts and method we followed in this chapter) to develop 
qualitative scenarios and derive likely pathways. 

As scenarios can be arranged in various ways, we restrict 
ourselves in this chapter to presenting future long-term 2080 
scenarios (also see Box 4.1 and Fig. 4.1) for the HKH with 
in-depth development of three of the innumerable plausible 
futures. Here, 2080 is used as a key year to represent the 
30-year period from 2070 to 2100 to assure independence 
from present policies and, by doing so, create more flexi¬ 
bility for non-linear changes and more space for creativity in 
identifying opportunities. Higher or lower degradation of the 
HKH’s ecosystem resources, more or less political instability 
within the region, and good or poor progress in global 
negotiation outcomes in the context of climate change will 
have important implications for opportunities and challenges 
associated with climate-related vulnerability, human well¬ 
being, and sustainability within the region. Based on the 
consultative workshops of this scenario-development exer¬ 
cise and a review of the literature, ecosystem health, climate 
change, and weak governance leading to political unrest or 
local conflicts were considered the most important chal¬ 
lenges for the HKH. Participants developed the storylines for 
three HKH 2080 scenarios based on the likely nature of 
these challenges. 
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Most current action plans and projected pathways to 
prosperity emerging from existing policies and commitments 
end in 2030. To prepare pathways toward prosperity beyond 
2030, it is useful to set clear goals for 2050 based on a 
prosperous future scenario. Based on consultative work¬ 
shops, the “prosperous HKH” scenario was selected as best 
representing a desired sustainable future for the HKH 
(Fig. 4.1). Assessing available knowledge to determine how 
the goals for 2050 can be achieved will help decision makers 
to develop near- to medium-term decisions, policies, and 
actions with effective entry points and timelines. To ascer¬ 
tain long-term sustainability through potential pathways 
developed for 2050, this chapter uses the three scenarios of 
2080 to enable the assessment of desired and undesirable 
development strategies and actions beyond 2030, while 
moving toward 2080 through 2050. 

4.1.1 Global Scenarios and Regional Outlooks 

Global likely futures for the Asian region are mentioned in 
reports by the OECD, FAO, and The World Bank, among 
others. Important regional and global outlooks include the 
United Nations Environment Program’s (UNEP) Global 
Environmental Outlooks (GEO 1 to 5) (UNEP 1997, 1999, 
2002, 2007, 2012), the Asian Development Bank’s Asian 
Century and its Energy Outlook (ADB 2013, 2015), IPCC 
Regional Scenarios (Parry et al. 2007; IPCC 2013), and 
Global water futures (Gallopin 2012). While these are 
broad-based outlooks covering the economy and environ¬ 
ment, there are sector-specific outlooks for energy, water, 
land, and forests. Most of these outlooks present a reasonably 
positive future falling between increased economic and 
environmental wellbeing, though the outlooks vary in their 


focus and proximity to economic or environmental wellbe¬ 
ing. For example, the outlook of GEO 3 and 4 are more 
proximate to economic wellbeing, while FAO Forests 2020 
(FAO 2010) is more proximate to environmental wellbeing. 

The Global Environmental Outlooks of UNEP are among 
the more prominent environmental outlooks available at the 
global scale which provide useful insights into the path the 
world may take during the period presented. Table 4.1 pre¬ 
sents an assessment of how accurately one outlook is able to 
portray the possible future by comparing the outlook’s 
projections with the actual trend. It is clear from Table 4.1 
that GEO 1 was able to accurately project the calorie intake 
but not the food dependency for the Asia and Pacific region, 
which is a broader target than the calorie intake per person. 
In addition, the outlook also deviated from the actual trend in 
the expansion of agricultural area and life expectancy. 
Several factors may have contributed to these gaps, which 
need to be addressed in building possible scenarios, which 
include shifts in policy and socioeconomic trends due to 
improved human standards over the years in the areas of 
education, empowerment, and inclusion. It is worth noting 
that the extensive stakeholder consultation-based scenario 
building process used in this HIMAP report is more com¬ 
prehensive, as a qualitative storyline-building exercise can 
handle multiple goals and priorities. Use of scale for scoring 
(Sect. 4.1 and Fig. 4.3), the relative distance from target for 
any goal based on stakeholder perception and experience 
also provides scope for defining a range rather than an exact 
value. 

However, some of the major conclusions from the global 
assessment reports on possible future outlooks remain rele¬ 
vant for the HKH (e.g., desirable directions of change in fuel 
mix and the technology mix for power generation in the 
future). For the HKH, the results from the Global Energy 


Table 4.1 Checking the reality with scenarios: How well did the GEO 1 scenario (UNEP 1997) represent the future? 


Projected scenario (2015-2050) 

Observed trend 

Proposed factors 

Actual factors a 

Calorie intake to reach up to 

2600 kcal per day per capita 
and animal protein share to 

13% of calories 

Calorie intake reached 

2665 kcal per day per capita in 
2009 (Asian Development 

Bank 2013) 

Increase in food supply 

Increase in food supply and 
economic wellbeing 

Increasing dependence on food 
imports globally and in Asia 

Pacific 

The Asia and Pacific region is a 
net exporter with a balance 
standing at 4% of the total 
merchandise by value in 2014 
(The World Bank 2014) 

Land degradation and 
insufficient access to 
technologies 

Increased production coupled 
with trade restrictions 

Share of agricultural land to 
increase to 15% of global land 
area from a baseline year of 

1990 

Agriculture land area declined 
slightly to 12.6% of global land 
area from 1993 (FAOSTAT 

2012) 

Increasing food demand, 
deforestation 

Competition for land from other 
economic sectors 

Life expectancy to increase to 

55 years (India) 

The life expectancy was 

66 years in 2013 (The World 

Bank 2013) 

Improvement in individual 
health, nutrition and reduction 
in poverty 

Better than expected 
improvements in health, 
nutrition and poverty reduction 


a Based on authors’ observations 
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Fig. 4.3 Breakdown of 
workshop participants’ affiliation 
and subject expertise (GOV 
Government offices, RS Research 
Scientists, NGO 
Non-Government Organization, 
FS Food Security, WR Water 
Resources, EC Ecosystems, LH 
Livelihoods, IT Information and 
Technology) 




Assessment (Johansson et al. 2012) also remain relevant. In 
2015, SDG’s major goals, targets, and indicators are speci¬ 
fied and implementation mechanisms and pathways are left 
to be decided by local decision makers. Goal 13 of the SDGs 
requires urgent action to combat climate change and its 
impacts. So, IPCC and GEA transformation pathways 
become relevant. 

Equally relevant for the HKH are global SDG indicators: 
these emphasise the need for disaster risk reduction (DRR); 
the inclusion of women, youth, and local marginalized 
groups; the need to protect, restore, and promote a sustain¬ 
able terrestrial ecosystem; sustainable forest management; 
avoiding desertification; reversal of land degradation; halting 
biodiversity loss; and meeting water and sanitation needs by 
the specific monitoring of green cover indices of mountain 
ecosystems and changes in the water-related ecosystem. 

In keeping with likely global future scenarios, there are no 
comprehensive future scenarios in the literature covering 
environmental change, climate change, and social and eco¬ 
nomic development specifically for the HKH. However, there 
are studies addressing climate change, economic develop¬ 
ment projections, and outlooks that can provide, though in a 
limited sense, guidelines for understanding the possible 
environmental and developmental scenarios for the region. 

Natural Resources: The FAO-OECD indicates a positive 
outlook for agriculture for countries in the HKH, showing an 
increase in production of rice and wheat until 2025 
(OECD/FAO 2016). These outlooks have limitations since 
all of them cover the Asia and Pacific region as a whole and 
do not provide HKH-specific information. 

Social: The projections available indicate continued popu¬ 
lation growth in the HKH countries with rapid projected 
growth in Afghanistan, followed by Pakistan and India. The 
region is projected to experience a rapid urbanization in 
Nepal, followed by Afghanistan and India (The World Bank 
2016). 


Economic: The sources in the literature, which mostly 
focusses on the short term, do not agree on the extent of 
growth in the region. The outlook by ADB indicates positive 
growth, while that of the International Monetary Fund 
(IMF) indicates deceleration in the short run (International 
Monetary Fund 2016; Asian Development Bank 2016). The 
outlook drawn for Southeast Asia, India, and China projects 
that the region will experience mild to moderate economic 
growth during 2016-2020 (OECD 2016). The Global 
Energy Outlook (OECD/IEA 2016) projects that South Asia 
will not be able to achieve full energy access targets by 2030 
in a no-policy support scenario and will only be able to 
achieve rural energy access goals with substantial fuel price 
support policies such as subsidies (Pachauri et al. 2012). 

Since these are sector-specific outlooks, it is unclear from 
the literature how the climate and economic outlooks for the 
region would interact with other sectors in the future, hence it 
is difficult to draw an overall picture for the HKH. However, it 
is possible to build a composite outlook based on a combi¬ 
nation of individual economic, environmental, and climate 
change outlooks available for the region. To overcome the 
lack of an integrated regional vision on the future of the HKH, 
a HKH-specific participatory visioning exercise was con¬ 
ducted as part of the current HIMAP assessment (see Box 4.1). 

4.1.2 Challenges and Opportunities for the HKH 

To build the storyline and pathways for the HKH scenarios, 
the main drivers in the region were determined on the basis 
of reviews (see other chapters in this assessment report) and 
through intensive consultative workshops conducted 
sequentially from January to August 2016. Participants in 
these workshops were scientists, decision makers, develop¬ 
ment practitioners, HIMAP Steering Committee Members, 
and Chapter Lead Authors from all HIMAP chapters. 
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Fig. 4.4 (a) Challenges and 
(b) opportunities as identified by 
the workshop participants, 
expressed as a percentage of the 
237 responses 



(A) Challenges 

Disasters 
Climate change 
Poor governance 
Poverty 
Water scarcity 
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(B) Opportunities 

Regional integration 
Technology innovation 
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Renewable energy 
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Sustainable biodiversity 
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Science experts participated in four workshops and decision 
makers from government and non-government organizations 
participated in two different workshops. Participants inclu¬ 
ded representatives of all eight HKH countries and profes¬ 
sionals working on the region from the rest of the world. 
Figure 4.3 provides a breakdown of the affiliations and 
subject expertise of the participants from all the consultative 
workshops. A total of 139 people from 74 different institu¬ 
tions participated: 49% from research institutions, 28% from 
government offices, and 23% from NGOs. The participants 
represented eight broad fields of expertise: 25% were 
working in livelihoods; 12% in ecosystems, energy, or water 
resources; 11% in governance, forest, or climate change; and 
6% in information technology. 

During these workshops, the starting point was identifi¬ 
cation of the challenges for the region. Each time the 
objective was to enrich the results of the previous workshops 
using the output from those workshops. The science groups, 
facilitated by the chapter team, categorized the identified 
challenges and opportunities into the three scenarios. After 
discussing the challenges and opportunities for the HKH, the 
scenarios were presented and discussed in all workshops. In 
the workshop attended by the decision makers, participants 
were also asked to give their views on actions to attain the 
desired future and actions to prevent developments that 
might lead to an undesired future. Figure 4.3 gives an 
overview of the stakeholders involved in the workshops. 

The participants from all workshops provided 237 
responses addressing challenges and opportunities for the 


HKH. Based on a prioritization exercise in post-workshop 
analysis, this chapter team clustered the challenges and 
opportunities as presented below in Fig. 4.4a, b. The par¬ 
ticipants’ prioritization of the challenges identifies disasters 
as the most significant challenge in the region (15%), fol¬ 
lowed by climate change and poor governance (11%), 
poverty (9%), and water scarcity (8%) (see Fig. 4.4a). In 
terms of opportunities, the participants considered the most 
important to be regional collaboration/integration (14%), 
technology innovation (13%), resource sharing (12%), and 
renewable energy (11%) (see Fig. 4.4b). For storyline 
development, the chapter team clustered these challenges 
and opportunities under five major themes: climate, natural 
resources, governance, social, and economy. 

4.1.3 Storyline for HKH Scenario: “Downhill” 

Compared to the 2015 baseline, the HKH will not be able to 
prosper by 2080 due to lost opportunities and multiple 
challenges that will increase over time. Owing to climate 
change, increasing political unrest, and strong ecosystem 
degradation, the socioeconomic condition of people in the 
HKH will deteriorate. Participants’ perception of their status 
and expected change in any component under any theme are 
expressed by scores on a 1-5 scale (where 1 = poor, 
5 = very good) for the “downhill” scenario for 2080. These 
are presented in Fig. 4.5. Details of the storyline for this 
scenario are given below. 
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Climate: Strong climate change will increase extreme events 
such as flooding, droughts, glacier melting, and river flow, 
resulting in water scarcity when it is needed and too much 
water at other times. There will be high vulnerability to 
climate-induced factors and less adaptation capability. 
Natural Resources: Strong ecosystem degradation will 
threaten biodiversity and the development of improved crop 
systems for arresting biodiversity loss. Ecological and social 
resilience will decline and unplanned urbanization will 
increase, resulting in a loss of biodiversity. Resource use will 
intensify as a result of migration and tourism. 

Governance: More political unrest in the region will result 
in conflicts over natural resources (e.g., water) and there will 
be little funding available/allocated for adaptation capacity. 
Institutional, political, and overall governance systems will 
be weakened and unable to function well at local, national, 
and regional levels and will fall short of global expectations. 
This will undermine the regional integration and cooperation 
in managing natural resources, leading to further conflict and 
mismanagement of the resources; the trust in multilateral 
organizations will be weakened, resulting in a poor response 
to regional issues with global significance. 

Social: More national, regional, and global inequality will 
lead to serious food and nutrition insecurity, social tensions, 
and a high rate of migration (rural to urban and highland to 
lowland). Water scarcity for drinking and irrigation will 
drive people to migrate, with the poor left behind, leading to 
high mortality and suicide rates, high population density, 
and more urbanization. As a result, there will be a high 
fertility rate, high child mortality, huge refugee camps, and 
increasing inequalities, as well as a loss of traditional values, 
norms, and local knowledge. 

Economy (including infrastructure and energy): High 
resource use intensity in production and consumption pro¬ 
cesses, a lack of innovation and efficient production processes, 
fossil fuel dependency, rural energy crises, and vulnerability 
will lead to a decline in economic progress. Competition for 
meagre resources and poor livelihoods will increase conflict 
and reduce motivation for innovation and cleaner, renewable 
energy. Communication will improve and competition will be 
high, leading to huge gaps in demand and supply. 


4.1.4 Storyline for HKH Scenario: “Business 
as Usual" 

Present economic growth patterns persist. Business contin¬ 
ues as usual without sufficient change to meet existing and 
expected challenges to economic growth, and without 
opening an alternative pathway toward a prosperous HKH. 
The region has been able to achieve cooperation in some 
sectors with potential for more. Ecosystems values are 


slowly being recognized. Mitigation efforts are in place but 
are not sufficient to meet the 1.5 °C target set at COP21. 

The changes that participants perceive will take place in 
the different thematic domains for each of the components 
by 2080, as compared to the 2015 baseline, are expressed 
using scores on a 1-5 scale and are presented in Fig. 4.5. 
Details of the storyline for this “business as usual” scenario 
are given below. 

Climate: The region will experience moderate to strong 
climate change with temperatures rising beyond the Paris 
Agreement 2015, as well as more rainfall and extreme 
weather events. It will also lead to rapidly diminishing gla¬ 
ciers and moderate to severe ecosystem changes. 

Natural Resources: Ecosystem health will experience an 
unstable equilibrium; there will be larger challenges in 
containing environmental degradation, promoting biodiver¬ 
sity conservation, and ensuring upstream and downstream 
linkages. 

Governance: Implementing NDCs and achieving SDGs and 
overall growth remains a challenge because of conflicts of 
interest and inadequate cooperation in the region, as well as 
difficulties faced by intemational/global institutions. With 
scientific evidence playing a greater role in policy processes 
and the prospect of key alliances being formed for resource 
sharing, the possibility of addressing challenges will emerge 
to a certain extent. 

Social: Despite SDGs being in place, livelihoods will still 
suffer from disparities, including food insecurity and asso¬ 
ciated malnutrition. Increasing floods and limited success in 
reducing vulnerability and adaptation to climate change will 
continue to make life more difficult. More people will start 
living in cities. Availability of funds following from the Paris 
Agreement 2015 will offer opportunities for technology 
transfer and improve food security. 

Economy (including infrastructure and energy): The focus 
on mountain niche product development and adoption of 
ICT and remote sensing technology will increase. There may 
be massive infrastructure development that is not in sync 
with “green” approaches in some parts of the HKH. Even the 
green development taking place is not sensitive to the gender 
dimension, at times leading to slower economic progress. 
More alternative energy development (water + wind + so¬ 
lar) with benefit-sharing mechanisms will evolve, leading to 
fewer power cuts and enhancing access to power. 


4.1.5 Storyline for HKH Scenario: “Prosperous 
HKH" 

Regionally and across sectors, cooperative efforts will allow 
mountain people to prosper through sustainable livelihoods 
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Fig. 4.5 Comparative scores for 
various components of the 
thematic areas in different 
scenarios. Note Each numerical 
value is an outcome of the 
consultative workshops. In the 
diagram, each value shows the 
average of all the scores allocated 
by participants on a 1-5 scale 
(where 1 represents “poor” and 5 
represents “very good”) for a 
particular component (please see 
the legends where applicable). 
While scoring, the initial score 
was given to the baseline 2015 
status of each component and 
then changes are reflected in 2080 
scenario scores, which vary by 
scenario category 
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and economic growth. These efforts will embrace the 
diversity and uniqueness of the region’s natural resources, its 
political life, and its capacities for collaboration. Biodiver¬ 
sity and ecosystems values will improve. Global mitigation 
efforts will have largely succeeded, and clean and renewable 
energy sources will dominate the energy supply. Climate 
change will follow a moderate IPCC scenario. Participants 
used scores on a 1-5 scale to rank the changes that they 
expect to take place in the different thematic domains in 


2080 compared to the 2015 baseline, which are presented in 
Fig. 4.5. Details of the storyline for this “prosperous HKH” 
scenario are given below. 

Climate: Since climate change is a global phenomenon, 
climate in the HKH may not completely stabilize by 2080, as 
stabilization of climate change and its impacts may follow 
several years after GHG emissions are reduced, going by 
IPCC assessments. However, it is expected that the HKH 
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will have mainstreamed climate change mitigation and 
adaptation to the fullest extent possible and that decisions 
will be made based on risk assessments. There will be a 
widespread global understanding of the urgency and means 
of addressing climate change. 

Natural Resources: Reduced poverty will have synergies 
with the region’s biodiversity and ecosystems, with the 
region enjoying healthy ecosystems. Conservation principles 
are well integrated into policy and individual decision 
making, leading to better conservation of natural resources. 
With reduced pressure on the land, land degradation will be 
diminished and the improved soil productivity will benefit 
the region’s agricultural production. 

Governance: Governance systems in the region will evolve 
and political unrest will be replaced by stability that will 
usher in regional cooperation, leading to acceptable and 
amicable solutions to the issues in the region. As a result, 
regional institutions will become strong, with necessary 
resources for providing better governance. Migration will 
continue but under ideal circumstances of regional cooper¬ 
ation and favourable labour laws. Governments and the 
private sector will collaborate, leading to better development 
and implementation of policy solutions, and overall effi¬ 
ciency and effectiveness. Regional cooperation initiatives 
such as SAARC and intercontinental initiatives like BRICS 
would have been strengthened, playing a pivotal role in 
addressing transboundary issues such as air and water pol¬ 
lution and trade of resources such as energy, regionally 
harmonized food standards, and enhanced regional trans¬ 
portation, communication, and information exchange 
facilities. 

Social: As a result of reduced climatic impacts and better 
governance for vulnerability reduction, the mountain region 
will experience a significant reduction in poverty. At the 
same time, the region will experience sustained cultural 
diversity. Population growth will stabilize and people will 
have 100% access to education, while a substantial reduction 
in inequality, along with enhanced social equity and 
empowerment of women, will lead to an equitable society. 
As a result, societies will show high aspirations for contin¬ 
ued improvement and for a high standard of living. 
Economy (including infrastructure and energy): The region 
will move toward a low carbon economy with significant 
decoupling of economic growth from fossil fuel use. Energy 
use efficiency will become one of the major criteria for 
production and consumption of products and services in all 
sectors. The behavioural attitude, to offset the technical 
efficiency gain through an absolute energy demand increase, 
will not undermine the full benefits of energy efficiency 
improvements, due to a better mix of policy interventions 
(including fiscal instruments), higher levels of economic 
prosperity, and no unmet demand for energy (Roy 2000; 
Sorrell et al. 2009). Scientific advancement will lead to rapid 


technology development in the areas of health, energy, 
information technology, food and agriculture, natural 
resource conservation, financial inclusion through 
tele-banking, etc. With free trade, there will be an impetus 
for local economies to become vibrant and integrated. Better 
regional cooperation will lead to the implementation of 
strategies such as a regional electrical grid and regional 
transportation corridors. 

The comparative evaluation of the scenarios is done 
based on quantitative scores given by participants. Scores on 
a 1-5 scale (where 1 is the lowest and 5 is the highest) were 
given by participants based on their individual assessments 
of the baseline status of each component under different 
thematic areas. For example, the climate theme represents 
three components: climate change, air pollution, and cryo- 
sphere. Participants, based on their knowledge, used a 1-5 
scale to score the 2015 (baseline) status of the components 
and, based on their own storylines, scored the same com¬ 
ponent across various scenarios. This is summarized in 
Fig. 4.5. The economy thematic area is represented by one 
component, energy, because participants identified energy as 
a major driver of the economic wellbeing of the HKH. 


4.2 HKH Baseline in 2015 

After the first step of envisioning long-term future chal¬ 
lenges and opportunities, the second step of “Back casting” 
(Fig. 4.2) information on the baseline 2015 status of the 
different indicators was collected from the other chapters to 
determine the existing historic trends. In addition, the poli¬ 
cies presently in place are analyzed to extract possible bar¬ 
riers and bridges for the challenges identified in the HKH 
2080 scenarios. The 2080 scenarios defined by storylines 
will need to be achieved starting from the baseline of 2015. 
At present, the HKH is undergoing rapid demographic, 
economic, social, and political changes, hence any quanti¬ 
tative scenario based on past trends will need to be viewed 
with caution. However, this chapter builds scenarios fol¬ 
lowing the qualitative process and scoring, which gives 
enough flexibility that visions and imaginations about future 
possible transformations can be built into the storylines. This 
chapter focuses on HKH-specific scenarios, which cannot be 
done in an isolated way. Global and larger regional devel¬ 
opments will influence the future of the HKH region. The 
likely global emissions future is represented mainly by the 
Representative Concentration Pathways (RCPs) and Shared 
Socio-Economic Pathways (SSPs) (see Box 4.2). A sum¬ 
mary of 2015 baselines for each country in the HKH (in the 
case of India, Pakistan, Afghanistan, Myanmar, Bangladesh, 
and China, this is not exclusively HKH-specific, as these 
countries fall both in the HKH and non-HKH regions) is 
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prepared based on the synthesis of different chapters in this 
assessment report, vision documents, and SDG documents 
of the countries. Defining the baseline helps in understand¬ 
ing the challenges of each country in the region to attain 
HKH-wide prosperity. In the absence of HKH-specific 
information for many large countries, the countrywide 
baseline status is summarized in Sect. 4.2.1. 


Box 4.2 How are global climate change emis¬ 
sions scenarios and shared socio-economic 
pathways related? 

For more than a decade, the dominant climate 
change-related scenarios were based on the IPCC 
Special Report on Emission Scenarios (Nakicenovic 
and Swart 2000). These scenarios were developed 
through a process that involved: 

• A literature review; 

• Generation of qualitative storylines based on the 

outcome of the literature review and further inter¬ 
actions; and 

• Development of quantitative scenarios using the 

qualitative storylines. 

The SRES scenarios have been highly influential in 
climate change research and policy, but several years 
ago a process was initiated to develop a new scenario 
framework that is more comprehensive and builds on a 
set of global and regional scenarios (Nakicenovic et al. 
2014). The logic of the scenarios has been distinctly 
changed and now no longer uses emission scenarios 
but defines the future along several lines and 
pathways. 

Representative Concentration Pathways (RCPs) 
define the emission pathways (Moss et al. 2010). On 
the other hand, Shared Socio-Economic Pathways 
(SSPs) describe plausible alternative trends in the 
evolution of social, economic, political, and natural 
systems over the 21st century, globally and for major 
world regions. SSPs comprise two elements, narrative 
storylines and quantified measures of development 
(O’Neill et al. 2014). SSPs themselves do not include 
outcomes in terms of emissions or impacts; rather, 
they quantify factors considered to drive the outcomes, 
such as population or economic growth. Quantification 
of the consequences is done by scenarios produced 
based on SSPs. As a minimum, SSPs include 
assumptions on future demographics, economic 
development, and the degree of global integration. 


4.2.1 National Considerations 

Afghanistan: Afghanistan tops the list of eight countries of 
the HKH in poverty measured by head count ratio. 
Government policies and budget spending on poverty can be 
seen as major barriers. In 2015 as regards MDG goals on net 
enrolment ratio significant improvement was documented 
while health had modest improvements. Carbon dioxide 
emissions increased. Food security, water, sanitation, and 
energy-related goals show marginal progress. The National 
Priority Programs and Aid Management Policy (AMP) had 
been targeting improvement aid effectiveness, cooperation, 
accountability development (Islamic Republic of Afghani¬ 
stan 2012). 

Bangladesh: Substantial decline in head count poverty ratio 
from 60% during 1990 to 29% by 2015 was recorded. With 
annual population growth at 1.32% and significant progress 
in water and energy sectors major challenges are identified in 
malnutrition and food security, disaster vulnerability. Girl 
child education in rural areas, improvement in rural income, 
agriculture production, awareness building are identified as 
means to address the challenges in reducing malnutrition. 
Scientific assessment, policy interface, institutional and 
human capacity building for public sector are seen as enabler 
to accelerate key developmental projects (Peoples’ Republic 
of Bangladesh 2012). 

Bhutan: The SAARC Development Goals, Bhutan’s coun¬ 
try report (Royal Government of Bhutan 2013) mentions 
progress in poverty, inequality (especially women and chil¬ 
dren) and hunger reduction, infrastructure development. The 
percentage of people living below poverty is 11.2% in 2012, 
Stunting and malnutrition of children under five years 
reduced by 6.5% and 4.3% respectively during 1999-2010. 
The rural houses electrified improved from 54 to 87% during 
the period 2012-2017. The country has achieved 100% 
telephone connectivity. The rising unemployment and 
mountainous landlocked economy are the critical challenges. 
China: The poverty head count ratio of China reduced from 
66.6% to 6.5% during the period 1990-2012 (World Bank 
2012). The maternal mortality rate reported at 20.1 per 
100,000 births in 2015 compares with 88.8 per 100,000 in 
1990. The forest cover and forest reserves increased by 32.78 
million hectares and 2.681 billion cubic meters respectively 
during the 2005-2015. Increase in share of non-fossil fuels 
by 11.2% per GDP unit and reduction in carbon dioxide 
emission per GDP unit by 33.8% was reported in 2014. 
Greater interconnectivity and interdependence has strength¬ 
ened China as a community of shared destiny. China has the 
highest per capita C0 2 emissions among HKH countries. 
Need for further adoption of green technologies is identified 
as a big challenge (The People’s Republic of China 2016). 
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India: Eradication of extreme poverty in India still continues 
due to its complex relations with various social, economic and 
environmental components. Improvements in net enrolment 
ratio had led to enhanced focus on higher education. The 
eradication of hunger and control of malnutrition continue be 
a daunting task due to low level of progress so far. Food 
security is seen as outcome of landuse change triggered by 
urbanisation process, infrastructure development and incon¬ 
sistencies in monsoon pattern. Anaemia is prevalent among 
50% of women in the age group 15 to 49 and more than one 
third of are reported with low body mass index. Rank in 
Global Gender Gap Index is at 114 out of 142 countries. 
Gender equality at the workplace is also far off the track 
(World Economic Forum 2014). Access to safe drinking water 
continue to be a huge challenge (Government of India 2015a). 
Myanmar: Economic stagnation, which is an outcome of 
more than three decade long economic sanctions, fall in 
foreign investment, poor macroeconomic management, 
public-sector debt. Introduction of reforms in 2011 onwards 
helped the process of recovery (ADB 2014). During 2000- 
2012, social indicators such as reduction in population 
below poverty line, infant mortality rate, and population with 
access to safe water and sanitation improved (Table 4.2). Per 
capita carbon dioxide emissions increased from 0.1 to 
0.2 tons. Structurally agriculture dominates with 31% of 
GDP and 50% of employment with a very low per capita 
income. Opportunities are from the strategic location, 
abundance of natural resources, tourism potential and 
youthful workforce. Emphasis is on growth-oriented support 
for agriculture and natural resources followed by actions on 
manufacturing for domestic and export markets. 

Nepal: Extreme poverty is declining, with a large change 
from 42% in 1995 to 23.8% in 2015 however, with large 
degree of spatial variability across the country by gender and 
social groups. The adult female literacy rate tripled from 1990 
to 2011. The proportion of population with access to basic 
water supplies and improved sanitation facility moved up 
from 46% in 1990 to 83.6% in 2014 and from 6% in 1990 to 
70.3% in 2014 respectively (Government of Nepal 2015). 
Pakistan: Pakistan will become the fifth most populous 
nation in the world in 2050 growing at 2012-13 growth rate 
of 2% per annum. Twenty nine percent of the population 
lives below the poverty line, half of the population is 
unemployed, 77 out of 1,000 children die before their first 
birthday, and one in three does not have enough nutritional 
food. Slow growth, limited technological innovation, low 
agriculture inputs, and little government investment in the 
agriculture sector make the situation worse. Despite signifi¬ 
cant efforts energy shortages have impacted the quality of 
livelihoods, as well as business and agriculture. The exoge¬ 
nous developments such as climate change, reduced aid 
flows, stagnated import demands from developed countries 
are effecting the growth (Government of Pakistan 2013). 


4.3 Tracking Trends and Commitments 
for 2030: SDG’s and NDC’s in the HKH 

In the third step (Fig. 4.2), the existing trends and policies 
are extrapolated toward 2030. To achieve this, literature 
review and two main interactive processes are followed. 
One interactive process involved scientists engaged with 
other HIMAP chapters and a second with policy makers 
from the region. Section 4.2 provided a synthesis of his¬ 
torical trends mentioned in the different chapters of this 
volume and reflects the status of the 2015 baseline, while 
this section first summarizes the SDG targets (Sect. 4.3.1, 
Table 4.2) for various countries and not specific to HKH, 
as they are available at country level only, and then con¬ 
tinues to discuss thematic trends toward 2030 in 
Sect. 4.3.1. Possible directions toward 2030 are taken from 
different mandates of national governments reflected in 
national vision plans, SDGs, INDCs, and national com¬ 
munications. Table 4.2 shows that most of the countries 
have mentioned different targets and hence need financial 
requirements and implementation mechanisms, along with 
scientific strategies of mitigation and adaptation, to achieve 
the desired goals. 

4.3.1 Existing Sectoral Commitments Toward 
2030 Sectoral/Thematic Considerations 

Based on the literature Table 4.3 explains the existing sec¬ 
toral commitments of the countries towards policies and 
plans related to climate change. Compliance and imple¬ 
mentation of (I)NDCs stands critical to address multiple 
SDGs especially to SDGs 13, 14, and 15. 

The interaction with scientists engaged with other 
HIMAP chapters had as objective to elicit information using 
the following three major questions: 

a. What are the main targets of your chapter theme? Men¬ 
tion the specific indicators behind the target. 

b. What is the direction (on a quantitative scale of 1-5) of 
observed change in the indicator based on the past trends 
and using, for example, INDCs and SDGs relevant for 
the region and other policy documents or policy analysis 
documents? What is the likely direction of trends up to 
2030? 

c. Based on your answers to questions 1 and 2, what are the 
chances (on a quantitative scale of 1-5) that 2030 targets 
(e.g., 100% poverty reduction) will be achieved? What 
are the factors affecting the chances (e.g., weak policy 
enforcement, lack of resources, global climate change, 
conflicts with other sectors, reinforcing trends with other 
sectors, and so on)? 
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Table 4.2 SDG targets of HKH countries 
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Target 1.1 

Poverty head 
count ratio (% 
population) 

Target 2.2 
Stunting 

(%) 

Target 3.2 

Infant 

mortality 

Target 4.1 Gross 
enrolment ratio 

Target 6.1% of 
people with 
improved water 

access 

Target 6.2% of 
people with 
improved 
sanitation access 

Target 7.1% of 
population with 
electricity access 2 

Afghanistan 

35.8 (20) 

40.9 1 (0) 

74 (46) 

116 (110) 

31 (61.5) 

8 (66) 

43 (100) 

Bangladesh 

31.5 (0) 

40 (25) 3 

39 (NA) 

111.8 4 (NA) 

86 (100) 2015 

89 (100) 2015 

59.6 (100) 

Bhutan 

12 (NA) 

33.5 (NA) 

47 (NA) 

102.1 (NA) 

96 (NA) 

58.4 (NA) 

87 (NA) 

China 

6.5 (0) 5 

9.4 6 (7) 

12.2 (6) 

103.9 7 (90%) HSE 

Improved 

Efficiency 

Improved 

Efficiency 

100 (NIL) 

India 

21.9 s (0) 

48 9 (0) 

43.2 (12.96) 

21.1 (30) GEH 

16 10 (90% piped 
water supply) 

38.81 (rural), (100) 

78.7 (100) 

Myanmar 

25 (NA) 

28.6 11 (NA) 

41.1 (NA) 

114.2 (NA) 

84.1 (NA) 

77.3 (NA) 

52.4 (100) 

Nepal 

23.8 (0) 

40.5% (1) 

33 (1) 

96.5 (99.5) NER 

49.5 (99% piped 
water) 

70.3 (100%) 

76% (99%) 

Pakistan 

29.5 s (14) 

44 (0) 

74 (47) 

93.5 7 (100%) 

NA 

48% (90%) 

67 (90%) 


Legend 



Unbracketed 

value 



2010-2013 





Bracketed value 


Afghanistan 
values 
indicate for 
2020 

2025-2030 

India sanitation value indicate for 2020 



Infant mortality 



No. of deaths of children less than one year of age per 1000 
live births 



Stunting % 



NER 



Net enrolment 
ratio 





HSE 



High school education 




GEH 



Gross enrolment ratio in higher 
education 




NA 



Not available 





Sources 

Primarily table prepared based on following country reports and other sources if used are shown in superscript numbers 
Islamic Republic of Afghanistan: Afghanistan Millennium Development Goals Report, 2012 
Royal Government of Bhutan: SAARC Development Goals, Bhutan Country Report, 2013 
Peoples’ Republic of Bangladesh: Rio+20 Bangladesh National Sustainable Development, 2012 

Peoples’ Republic of China: China’s National Plan on Implementation of the 2030 Agenda for Sustainable Development, 2016 
Government of India: Achieving the Sustainable Development Goals in India A Study of Financial Requirements and Gaps, 2015 
The Republic of the Union of Myanmar: Myanmar Unlocking the Potential, Country Diagnostic Study, ADB Report, 2014 
Government of Nepal: Sustainable Development Goals 2016-2030 National (Preliminary) Report, 2015 
Government of Pakistan: Pakistan 2025 One Nation One Vision, 2013 
Afghanistan Survey 2013. National nutrition survey of Afghanistan, Survey Report. 

2 World Bank Data 2013. https://data.worldbank.org/indicator/EG.ELC.ACCS.ZS 
3 ICAD 2018. Bangladesh: Country Profile on Nutrition and Child Stunting Trends. 

4 World Bank 2010. Trading Economics data. Gross er 111.8 https://tradingeconomics.com/bangladesh/school-enrollment-primary-percent-gross-wb-data. 
html 

5 World Bank 2012. http://povertydata.worldbank.org/poverty/country/CHN 

6 World Bank 2010. https://data.worldbank.org/indicator/SH.STA.STNT.ZS?locations=CN 

7 World Data Atlas 2013. https://knoema.com/atlas 

Asian Development Bank 2011. Poverty Data, https://www.adb.org/countries/main 

9 UNICEF Report 2013. https://in.reuters.com/article/health-nutrition-unicef/about-48-percent-of-children-in-india-are-stunted-unicef-idINDEE95607 
N20130607 

10 Govt. of India Report 2017. https://www.hindustantimes.com/india-news/6-3-crore-indians-do-not-have-access-to-clean-drinking-water/story-dWIEyP 
962FnM8Mturbc52N.html 

1 'Frontier Myanamr 2017. https://frontiermyanmar.net/mm/node/4278 





















































Table 4.3 Main nationally determined contributions in the countries in HKH 
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The main targets and indicators listed by the chapter 
scientists were shared with policy makers, who were asked 
to answer two questions: 

a. Are indicators as identified sufficient from a decision 
making point of view, or is there scope for enrichment? 

b. What is the current (i.e., 2015 baseline) status on a 
quantitative scale (scale of 1-5) of each indicator? Are 
there variations across the HKH? 

The assessment based on these two stage consultations, 
along with a literature review, are presented below 
thematically. 

Climate: The increasing changes in mean annual tempera¬ 
ture, high uncertainty around impact of climate change, 
regional differences such as higher warming over higher 
altitudes and faster warming in the eastern part of the HKH 
region are the increasing challenge of controlling such 
changes. Very high uncertainty in the total rainfall and 
monsoon periods with regional differences are also expected 
(Lutz et al. 2014). Neglect of linking air pollution and cli¬ 
mate change issues have led to an absence of improved 
research in this area. Climate change, in conjunction with the 
challenge of the sustainable use of natural resources, poses a 
greater impediment for development in the HKH. Most of 
the countries have submitted INDCs giving commitments to 
take steps towards climate change mitigation and adaptation. 
With increasing extreme weather events, disaster proneness 
is expected to increase by 2030 with a higher loss of assets. 
However, with greater recognition of an increasing likeli¬ 
hood of disasters, emergency response and mechanisms for 
addressing disasters, the magnitude of life losses is going to 
be reduced. Appreciable attention has been given by all the 
countries under SDG 13 (Target 13.3) to gradually establish 
climate forecasting systems, improving coverage of meteo¬ 
rological early warnings, disaster prevention and reduction 
systems, and strengthen climate resilience. Additionally, the 
coupling of local and national mechanisms with appropriate 
communication and coordination systems, vitalizing local 
institutions, and appropriate policy instruments is necessary 
to achieve the desired goal of disaster risk reduction. 

Natural Resources: Most of the HKH countries have among 
the highest levels of hunger and malnutrition in the world. It is 
projected that hunger and malnutrition will be totally eradi¬ 
cated for all by 2030, in particular for the poor, infants, and 
people in vulnerable situations, as part of SDG2. To achieve 
this through sustainable food production systems, implemen¬ 
tation of resilient agricultural practices, addressing impacts of 
climate extreme events and disasters, land and soil quality 


management, and other related parameters of enhancing pro¬ 
ductivity will play important role. The supply side key chal¬ 
lenges to agriculture include optimal land allocation and water 
use, minimising land degradation, urbanisation trend with 
increasing affluence and changing tastes of the population. The 
improvements in financial and credit support systems, agri¬ 
culture marketing, effective extension services and 
post-harvest losses are also identified as very important factors. 

Food availability and accessibility are also targets of 
strengthened local food systems and stable food supply from 
the plains. Improvement in local people’s income, planned 
adaptations to climate change, and higher chances of col¬ 
laborative food trade in the region also promote food avail¬ 
ability and accessibility. The percentage of people who face 
hunger will also be substantially reduced due to effective 
food procurement, storage, and distribution systems and 
ensured equity in inter- and intra-household distribution of 
food. Reducing the percentage of people with malnutrition is 
going to be a difficult task unless improved food intake, 
people’s knowledge on nutrition and health, dietary diversity 
and intake of micronutrients, health services (child- and 
mother-care and immunizations) and infrastructure (hospitals 
and health centres), and health environment (hygiene, safe 
drinking water, and improved sanitation) are all improved. 
The overall 2030 food security goals can be achieved with the 
support of effective governance systems and implementation, 
good infrastructure, and regional cooperation. 

Water availability is expected to be on an increasing trend 
with increased natural flow under higher precipitation and 
melt conditions. However, the uncertainty over spatial and 
temporal distribution and increasing trends remains a chal¬ 
lenge. Upstream water use for realizing national hydro 
potential will continue to increase and water quality will 
deteriorate over time. The higher water use for increased 
agriculture and urbanization might have implications for 
water availability outside the HKH. Due to lack of man¬ 
agement of infrastructure and land use, the volume of 
reservoirs and spring flows will reduce. Against this back¬ 
ground, universal provision of drinking water (Target 6.1) 
and sanitation coverage and the quality of water under SDG 
12 as planned by 2030 is going to be critical. In countries 
like Afghanistan, Bhutan, India, and Pakistan, meeting the 
goal of improved sanitation is going to be a formidable 
challenge, especially in India, which aims to achieve 100% 
improvement by 2018. Similarly, most of the countries are 
far from providing quality water at international standards 
and ensuring universal access to piped water supply. 

Many more large water-sharing agreements that take into 
account use of regional hydro potential, ecosystem flows, 
upstream-downstream issues, and sectoral water allocation 
issues in the region will emerge to facilitate meeting these 
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challenges. Bilateral agreement (e.g., between India and 
other countries), stronger centralized maintenance of trans¬ 
boundary waters, rising investment in urban infrastructure, 
and strong, self-reliant local management are going to be 
greater driving factors of water governance. The policy 
implications and incentives for the trajectory of hydropower 
development, regulation and maintenance of ecosystem 
flows, and effective use of pre-monsoon flows for hydro and 
agricultural use are going to be critical. Improving water 
quality, electricity for withdrawing water, wastewater treat¬ 
ment, technical knowledge gaps and systems, infrastructure, 
O&M cost, enforcement, soil erosion, and dam sedimenta¬ 
tion are other intrinsic factors regulating the growth trends 
toward 2030. 

The trends of ecosystem degradation by 2030 are going to 
be different across the region, with countries like Myanmar, 
Afghanistan, and Pakistan experiencing higher levels of 
degradation. Community-based initiatives like REDD+ in 
Nepal and Bhutan are going to play a significant role in the 
conservation of ecosystems and ensuring ecosystem flows. 
With accelerated climate change, there will be shifts in the 
growth and distribution patterns of high-value products at 
higher altitudes, affecting ecosystem services. In this con¬ 
text, countries like China, Myanmar, and Bhutan have made 
commitments to mitigate climate change impacts through 
forest-based enhanced carbon sink capacity to achieve the 
goals under SDG 13 and 15. 

Social Systems: In order to avoid inequitable transforma¬ 
tion, the targets of Goal 1 on Eradication of Poverty need to 
be supported with intricate and balanced actions among 
climate, sustainability, and poverty. Accordingly, the Goal 
(2) on food security, Goal (3) on access to healthcare, Goal 
(4) on education, Goal (6) on water and Goal (7) energy for 
all also covers issues related to poverty. Additionally, 
infrastructure development enabling capital formation and 
employment generation are addressed under Goals 9 and 11. 
As part of Goal 8 inclusive economic growth to enable 
income opportunities are targeted towards poverty reduction. 
While we discussed possible directions and challenges of 
these goals in the earlier sections, the HKH faces 
region-specific social and demographic challenges in 
bringing overall social change for poverty eradication, 
eliminating gender discrimination, and enhancing health and 
education, as explained below. 

The current trends of increasing income due to people 
migrating into higher income jobs in both urban areas and 
outside the region, upcoming service sectors, tourism, and 
M/SMEs, and the consequent increase in purchasing power 
are expected to continue. Migration will also increase even if 
the population growth rate remains constant. On the other 
hand, great uncertainty exists about movement beyond 2020 
and money flows due to extrinsic factors such as labour 


policies in the Gulf countries, a slowdown in Chinese 
growth, reduction in the construction boom, and so forth. 
Major challenges include increasing vulnerability to climate 
change, market dependency, difficulties of small farmers in 
securing finance for purchasing seeds and shifts in land use 
toward high-value crops. Male outmigration pushes women 
directly into activities relating to economic development in 
addition to their traditional roles. This change comes on top 
of the current top-down policy systems, in which there is 
lesser engagement of people from various social strata. This 
situation is going to be a challenge for achieving the 2030 
SDGs unless a more inclusive policy-making process is 
followed. Therefore, there is a rising need for new dimen¬ 
sions of social inclusion in decision making processes by, 
among others, including this new female workforce in 
developmental activities. This inclusion will increase the 
acceptance by the local people and will help reduce poverty 
to achieve the SDGs by 2030. 

The institutional setting in the region, especially in the 
mountains, is very spread out and weak at the subnational 
level. It is necessary to have decentralized adaptive gover¬ 
nance with institutional settings that enable effective gov¬ 
ernance mechanisms for adaptation by 2030, especially at 
the subnational level. Ecological fragility is very strongly 
distributed in the region. At the lower level, more holistic 
and science-based policies are needed; for example, 
REDD + might take away land and lead to more poverty for 
local inhabitants. Development of more resilient mountain 
communities, adaptation strategies that ensure equal 
engagement of women and men, building capacities of 
institutions involved in planning and implementation, and 
access to global finance systems should be addressed by 
2030 to minimize social disparities and inequalities. 

Considering the minimal progress made in combating 
gender discrimination over the last decade in the HKH, 
institutional and policy mechanisms are identified by all 
countries to end discrimination against all women and girls 
covering all forms (SDG 5). The elements like women’s and 
girls’ rights to education, social welfare, labour security and 
medical care are identified as important for achieving this 
goal. Raising public awareness and commitment on gender 
equality and complete eradication of discrimination and 
prejudice against women and girls is also considered crucial. 

Economy: As part of SDG 6, most of the countries envis¬ 
ages to provide reliable, affordable, sustainable, and modem 
energy services for all by 2030. Continued reforms and 
restructuring of urban and rural power grids, focusing on 
upgrading of grids for small towns and rural centres, and 
ensuring full mral power coverage are advocated as critical 
steps. Advanced welfare-oriented energy policy that pro¬ 
motes benefit-sharing mechanisms, accelerating poverty 
reduction programmes through photovoltaic technology, and 



116 


J. Roy et al. 


energy development in poverty-stricken areas are considered 
important. Increasing the share of non-fossil fuels in primary 
energy consumption, optimizing the energy mix by 
improving fossil-fuel efficiency, and increasing the share of 
clean energy consumption are some of the measures for 
ensuring that non-fossil fuels and natural gas become the 
main energy sources. Improved hydropower generation will 
leapfrog electrification, but political issues still impede the 
possibility of shifting from biomass to electrification. 

These efforts will cost a lot for countries like Bangladesh, 
requiring an investment of USD 26.6 billion up to 2030 to 
cut coal production-based carbon emissions. On the other 
hand, the projected cost for India of meeting the goals of 
SDG 6 is USD 854 billion with estimated gap of USD 406 
billion along with high dependence on foreign imports. The 
dependence on alternative energy sources beyond fossil fuels 
is also being necessitated due to falling prices of renewable 
energy and rise of coal market prices. The improved finan¬ 
cial services, affordable credit, integration into value chains 
and markets are identified as essential elements to promote 
small and medium scale (SMEs) under SDG 9/Target 9.3. In 
this context, the SDG report of India and Bhutan National 
Development Plan clearly identified that inadequate access 
to financial resources is one of the main challenges for the 
growth and development of SMEs, especially during the 
periods of economic crisis. The need for development, 
transformation, and upgrading of SMEs through mass 
entrepreneurship and innovation is emphasised as part of 
China SMEs developmental plans. The provision of intel¬ 
lectual support and building effective platforms of interna¬ 
tional cooperation are also identified as critical for the 
sustainable development of SMEs. 

Country level challenges: Pakistan plans to progress into 
Upper Middle-Income countries by 2025 through addressing 
SDG goals on zero poverty and hunger, universal access to 
education health services, clean water and sanitation and 
modem energy services. The people-centred innovative, 
coordinated, green, open, and shared development is con¬ 
sidered as important in China to implement the 2030 agenda 
and promote sustainable development. The concept of 
inclusiveness, equitability along with the spirit of a welfare 
and prosperity are reported as fundamentals for Nepal to 
become middle-income country by 2030. Myanmar plans to 
have an effective financial system and services for all people 
and positive shifts towards from agriculture to services 
sector and industry to achieve SDG goals of 2030. It is also 
to be noted that most of the reports have limited focus on 
HKH mountain systems. 


Box 4.3 Summary of (l)NDCs related to climate 
change mitigation of HKH countries 

Afghanistan: Reduce 2030 GHG emissions by 13.6% 
as against business as usual (BAU) 2030 scenario, 
with external support as condition (Islamic Republic 
of Afghanistan 2015). 

Bangladesh: Unconditional and conditional GHG 
emission reduction scenario by 2030 from BAU levels 
in the power, transport, and industry sectors. The 
unconditional scenario targets to reduce emissions by 
5% based on existing resources. A conditional 15% 
reduction is targeted subject to appropriate interna¬ 
tional support (Government of the People’s Republic 
of Bangladesh 2015). 

Bhutan: Intends to remain carbon neutral by main¬ 
taining emissions below the estimated 6.3 million tons 
of annual forest carbon sequestration. The export of 
electricity from clean hydropower projects is also 
expected to offset up to 22.4 million tons of C0 2 per 
year by 2025 in the region (INDC, Bhutan 2015). 
China: 60-65% reduction in C0 2 emissions per unit 
of GDP (carbon intensity) against 2005 levels and 4.5 
billion cubic metres increase in its forest carbon stock 
volume from 2005 levels (Republic of China 2015). 
India: Reduction of 20-25% in emissions intensity of 
its GDP by 2020 with reference to 2005 base levels as 
a voluntary goal having no binding mitigation obli¬ 
gations (Government of India 2015b). 

Myanmar: Section 4.2.1 —Mitigation actions, envis¬ 
ages plans with a condition of international support to 
achieve sustainable development needs for fulfilling its 
contribution to reduce future emissions as part of 
global action (The Republic of the Union of Myanmar 
2015). 

Nepal: Nepal intends to pursue and support the efforts 
to limit the rise in temperature to well below 2 °C and 
develop Low Carbon Economic Development Strate¬ 
gies to promote future economic development through 
a low carbon economy (Government of Nepal 2016). 
Pakistan: It intends to reduce GHG emissions of 2030 
in relation to BAU in 2030 in different sectors such as 
Energy Supply: 37%, Energy Demand: 22% Trans¬ 
portation: 8%; Agriculture and Forestry: 5.5% 
(Government of Pakistan 2015). 
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4.4 Two Paths Toward a Prosperous HKH 

Potential pathways leading toward the desired prosperous 
HKH are myriad and overlapping, but participants in the 
consultative workshops developed qualitative assessments 
on how and why the HKH future might unfold in certain 
directions. 

The outcome of these consultations was integrated with 
the trends, possibilities, and trade-offs coming from related 
chapters of this assessment. A two-step interactive process 
with chapter teams of this assessment and decision makers 
has provided the necessary data to develop the pathways. 
Interaction with researchers engaged with writing the chap¬ 
ters of this assessment and decision makers revolved around 
two major questions: 

• What direction are the key indicators on challenges (e.g., 
access to water, energy) and opportunities (e.g., water 
availability, biodiversity) likely to take in each HKH 
2080 scenario as compared to the 2015 baseline, and how 
strong is this change on a scale of 1-5? 

• What additional strategies can help in this transition? 

Analysis of the responses clearly showed that there are 
diverging views among scientists, experts, and decision 
makers on how the HKH may prosper. These different points 
of view clearly indicate that there can be more than one 
pathway toward a prosperous future. 

Pathways usually differ in terms of trade-offs, opportu¬ 
nities, and challenges, but still lead to the same outcome. 
Pathways try to answer questions such as: “What policy 
actions can create an enabling condition for progress?”, 
“What kind of technological options might be available to 
make this progress possible?”, or “Which economic sectors, 
natural resources, and developmental actors can play a 
central role in ensuring that progress is made in the desired 
direction?” A pathway is described here as a set of actions 
and combinations of actions that a decision maker (indi¬ 
vidual, country, business, policy maker) can take. 

Here, two broad pathways are presented to facilitate 
envisioning of the future and to support an effective 
decision-making process toward a prosperous HKH. The 
pathways differ from each other in the trade-offs among 
policy choices, institutional arrangements, and technology 
choices that are to be made. However, some actions are 
common to both pathways. Actual effectiveness of the 
pathways will depend on multiple issues like social accep¬ 
tance, political agreements, and investment decisions. Based 
on the consultative workshop participants’ feedback, the 
characteristic actions, trade-offs, benefits, and risks associ¬ 
ated with the pathways are described below. 


Pathway 1—Large scale investments including regional 
cooperation: It is possible to get to the prosperous scenario 
using the HKH’s naturally available resources by according 
higher priority to centralized large-scale power, communi¬ 
cation, infrastructure, and development projects. Water and 
energy are going to be critical for ensuring energy access 
and food security, and for eliminating poverty. However, 
this will require large-scale financial and skilled human 
resource mobilization, collaboration of both state and large 
corporate, non-state actors for financing the actions, and 
national and international funding. Widespread communi¬ 
cation and mobility that enhance infrastructure, trade and 
cross-border resource sharing, and institutions for governing 
the collaboration and cooperation across regions and within 
the region will be the essential features of this pathway. 
Pathway 2—Bottom-up investments with cooperation 
across multiple levels: It is also possible to get to the 
prosperous scenario using the HKH’s critical resources— 
energy and water—through higher prioritization of 
small-scale, decentralized, local or national developmental 
actions and projects. However, this would require the 
involvement of a large number of developmental and social 
actors nationally and sub-nationally. Also, a multilevel 
governance structure will be needed to address local diver¬ 
sities, to mobilize financial resources for a large number of 
projects of different scales, and (more than for Pathway 1) to 
monitor the progress and ensure it is in line with the scenario 
goals. 

Based on the assessment of the feedback received from 
consultation workshops and the content of this assessment 
report, it is clear that there cannot be one single best possible 
set of actions or a single pathway for decision makers to 
minimize the challenges and seize the opportunities for the 
HKH in keeping with the long-term goal of prosperity. 
Multiple actions will need to be followed simultaneously. 

It is crucial that visioning and strategic planning start now 
to enable the implementation of actions beyond 2030 by 
decision makers. To decide on the choice of pathways, there 
is need for prior analysis, understanding, and recognition of 
the HKH’s unique and emerging opportunities and chal¬ 
lenges. The challenges in the HKH are large, and over¬ 
coming them can help the HKH prosper in a sustainable 
manner. At the same time, there are numerous opportunities 
for the region. Based on the information on the variety of 
opportunities and supplementary resources needed to 
implement these opportunities, detailed actions and the way 
forward are summarised in Table 4.4. The description of the 
set of actions for alternative pathways toward 2050 provides 
a guideline for decision makers in the region. However, each 
action has varying sources and levels of risks. It is important 
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to be aware of the risks so that risk mitigation strategies can 
be developed and implemented. Awareness of these risks 
can also help in guiding the actual implementation decision. 

The two alternative pathways are not completely mutu¬ 
ally exclusive, so it is possible for the alternative pathways 
to have some common actions. Actions have thus been 
categorized under three headings: “Specific actions: how 
pathways differ”, “Common set of actions”, and “Actions to 
be avoided”. The two pathways are mainly differentiated by 
these specific actions. 

4.4.1 Major Emerging Opportunities in the HKH 

Major opportunities are emerging in the region due to cli¬ 
matic change response strategies, historical developmental 
actions, and multi-dimensional commitments made by 
national governments for the period until 2030 to attain SDG 
targets. The opportunities are summarised below: 

Water resource availability is expected to improve in the 

HKH (Chaps. 3, 7 and 8): Increased flow is expected mainly 
because of increased precipitation, although glacial melt will 
decrease. However, this increased flow will happen with 
greater seasonal variability across countries and within 
countries in the region and with a changing pattern over 
time. An exception is the Indus basin because in the Indus 
river system, the main contribution is from snow and ice 
melt and to a lesser degree from rainfall. 

Multiple new trade potentials from the HKH are going to 

increase (Chaps. 6, 8, 9 and 12): As the income of mountain 
people improves, the demand level and pattern will change. 
However, in the case of a disaster or crisis combined with 
the rising demand, food security can only be achieved 
through increased trade and a better distribution system. 
Electricity trade and water transfer within and between the 
HKH and non-HKH regions will increase with increasing 
economic activity, population, and income growth. 
Non-farm activity-based livelihood diversification is 
strongly emerging (Chaps. 5, 6, 9, 12 and 15): People are 
changing their livelihood by moving toward high-paying 
cash crop farming and the service sector and by migrating to 
other regions. Dietary diversity resulting from income 
increase drives the need for processing and manufacturing 
industries. Demand for the aesthetic value of the HKH’s 
unique cultural diversity, ecosystem, and services has given 
rise to high demand for a well-regulated tourism industry 
and infrastructure managed by skilled human resources. 
Energy demand is going to grow significantly, while the 
potential for renewable and sustainable energy is also 
increasing (Chaps. 6, 8 and 9): The accelerated development 
of hydropower can help countries in attaining transformative 
change in achieving a carbon-free 24 x 7 power supply. 


This will help to avoid small steps and facilitate leapfrogging 
in attaining a secure and reliable power supply, clean 
cooking, and space heating, which will eliminate indoor air 
pollution and protect the health of women and children. This 
is not in conflict with a decentralized/micro grid for the high 
mountains. 

Community-based institutions to manage natural resources 

(Chaps. 8 and 16): These have emerged as a major trend 
globally, and the HKH already has a long history of working 
with such institutions. 

Need for cooperation across various levels in the region is 

emerging quickly (Chap. 16). 

4.4.2 Two Pathways and Distinguishing Actions 

Identifying strategic actions to seize the emerging opportu¬ 
nities is crucial for achieving prosperity in a time-bound 
manner. Table 4.4a, b list actions identified during the 
consultative workshops as crucial for a prosperous HKH. 
Knowledge of varying benefits, investment, and governance 
needs and the multiple sources and nature of risks associated 
with actions and their implementation strategies help in 
making decisions. These are listed in Table 4.4a, b for each 
of the pathways. 

Pathway 1 consists of strategic actions based on globally 
available technology and knowledge to meet leapfrog 
growth imperatives in the HKH region. It takes into account 
mountain-specific resources, cultural diversity, and niche 
product potentials, but also identifies the need for 
cross-regional cooperation, institutions, and finance. 
Demand for access to modern energy and energy security in 
the region indicates the need for energy system transfor¬ 
mation. One way to leapfrog on the supply side with energy 
security in the HKH region could be to achieve 100% 
hydropower share (Chap. 6) for the HKH region in the 
longer run. This will help to promote modern industrial 
growth and advance mountain mobility and human wellbe¬ 
ing through such changes as cooking fuel leapfrogging from 
biomass to clean, renewable electric supply, along with 
self-reliance. Necessary actions have to be taken now to 
ensure a larger allocation of water for hydropower genera¬ 
tion in the HKH region (Chaps. 6 and 8) in the coming years. 
This can be done by prioritizing large-scale cross-border 
infrastructure building for large-scale hydropower projects 
(Chap. 16) with a regional grid and grid integration. For 
example, the HKH grid can be connected to India’s northern 
regional grid or national grid, or the national grids of other 
countries. The need for large knowledge capital, technology, 
and financial capital can be met through more global coop¬ 
eration between the HKH and non-HKH regions (Chap. 6). 
Governance of such projects will need cross-border harmo¬ 
nization through power distribution arrangements, power 















Table 4.4 a: Specific distinguishing actions for Pathway 1, b: Specific distinguishing actions for Pathway 2 
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purchase agreements, power tariffs, incentive designs, and 
policies. Many mountain tracts will need micro grids with 
small hydro-electricity (hydel) generation. There will be a 
need for new HKH financial institutions like BRICs bank 
and HKH regional bank. 

With high priority accorded to hydropower generation, 
water resource sharing with other competing demand sectors 
will need special attention and concrete actions. More allo¬ 
cation of water for the power sector will imply a trade-off 
with water allocation for increased demand for water in 
urban areas, agriculture, and food (Chap. 8). However, with 
the penetration of new wastewater treatment technology and 
water quality management of available surface and 
groundwater available water supply will increase. Adoption 
of water-efficient technologies for irrigation and cropping 
patterns shifting away from paddy cultivation will reduce 
demand for water in agriculture sector. These sectors can be 
managed with a relatively smaller quantity of water (Chap. 8 
). Appliance standard policies need to be in place to achieve 
water efficiency. There is a need for cross-country learning, 
best practice sharing and technical knowledge sharing 
(Chap. 6). Building larger water storage systems to manage 
seasonal variability in water supply could be a solution. 
These storage systems can be used for more hydro power 
generation, which implies scope for wider power trade. The 
latter will need major new economic cooperation in the 
region. More cross-country collaboration and human 
resource sharing between the HKH and non-HKH areas of 
the countries will also be necessary to ensure access to 
sustainable energy and water in the longer run. 

Pathway 2 is also comprised by various strategic actions, 
although at a different scale. To meet the rapidly growing 
demand for access to modem energy and energy security of 
the region through more renewable energy, there can be 
decentralized generation and micro grids, one of which will 
continue to be hydropower generation, mostly with small 
hydel projects. The current centralized grid will continue, 
but newer decentralized generation will dominate the action 
agenda at the national and sub-national scale (Chap. 6). The 
energy supply source mix will be diversified through solar 
and advanced biomass use, with less water allocated for 
hydropower generation. Water allocation may result from 
bilateral or trilateral upstream-downstream water sharing 
agreements within and across borders. Such projects will 
need multi-level governance and more country-specific 
power tariff rationalization and national incentive designs. 
Small, decentralized water storage systems managed by the 
community and a multi-level governance mechanism should 
be in place to avoid the risk of failure. 

Energy need for the expansion of small and medium 
enterprises (Chap. 6) will need special grid setups for 


reliable, dedicated supply. To ensure self-reliance in energy 
supply for each economic activity, special monitoring and 
maintenance skills will be required and appropriate capacity 
will have to be built. More multi-level governance within 
each country will be needed to ensure self-sufficiency and 
reliability in supply. Power service delivery from multiple 
sources (e.g., solar, biomass, hydro) will need a multi-skill 
development effort. Financial capital and institutions will 
need to deal with multiple investors. However, the need for 
knowledge capital, technology, and financial capital can be 
met through wider cooperation between the HKH and 
non-HKH regions (Chap. 16). Overarching national regula¬ 
tions and norms will have an important role and will need to 
be developed. However, upstream-downstream resource 
sharing issues will need to be resolved across and within the 
countries in the HKH. 

4.4.3 Two Pathways but Common Actions 

The actions described as part of each pathway can of course 
be used along either pathway. It is likely that irrespective of 
the pathway decision makers decide to follow, these actions 
will need to be implemented to bring prosperity to the HKH. 
Table 4.5 lists the actions that are likely required for both 
pathways. 


Table 4.5 Actions common to both pathways 


Actions 

Challenges to overcome 

Build better health infrastructure 

Malnutrition, poor health, 
poverty 

Create food banks 

Increase food security across 
seasons 

Investing high-skill creation at 
various levels 

Creation of new non-farm 
activities 

Develop migration laws across 
regions to facilitate mobility 

Improve livelihood 
diversification and remittance 
flow 

Create appliance standards for 
efficient irrigation practices to 
increase penetration rate 

Enhancement of energy as well 
as water use efficiency and 
enhancement of water storage 
capacity 

Promote specific products that 
reflect local diversity 

Increase in food and nutrition 
security 

Establish a seed bank 

Loss of biodiversity 

Improve mobility sector 

Improvement of trade and 
mountain supply system, which 
implies cross-country 
collaboration, trade 
negotiations, policies, pricing 
to ensure cross-border 

movement 
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4.4.4 Actions to Avoid Downhill and Business 
as Usual (BAU) Scenarios 

Clearly conscious evidence-based strategic decisions, mech¬ 
anisms, and actions are needed no matter which of the 
potential pathways is adopted to make sure the HKH does not 
move toward undesirable scenarios. Complex challenges 
require sustained effort and progressive visioning over time to 
ensure progress toward prosperity, and it is clear that some 
actions will certainly undermine progress toward prosperity 
(Table 4.6). 


Table 4.6 Actions to be avoided 


Actions to be avoided 

Benefits/avoided risks 

Water related conflicts 

Risk of lack of economic growth and 
loss of livelihood is avoided. Conflict 
resolution mechanisms based on 
scientific evidence should be in place 
at local, national, and regional levels 

Poor maintenance of water 
storage infrastructure 

Risk of reduction of water volume and 
reservoir capacity because of increased 
sedimentation 

Closed deal of Indus treaty 

Lost opportunity to implement 
efficient and equitable water sharing 
based on new HKH-specific scientific 
evidence and changing realities 

Energy supply scarcity 

Inefficient management of water 
supply and health infrastructure 
systems 

Use of inefficient 
technology 

Increased waste across all sectors and 
missed opportunity of low-cost 
resource availability, e.g., energy 
supply and demand sectors, water, 
irrigation 

Unhealthy and non-diverse 
food habits 

Health risk. Changing income and food 
preference towards vegetables and 
non-paddy crops can be an incentive 
for choice of “climate proof’ crops 

Inequitable food 
distribution 

Increased risk of conflicts because of 
lack of food 

Top-down policy 

No buy-in by the local people if 
top-down policy is used without 
engagement with the public 

Gender bias 

Risk of inequity and ineffective uptake 
of projects. Equal engagement of men 
and women is needed in climate 
adaptation projects for them to be 
effective 

Low adaptation capacity 

Risk of ineffective adaptation projects. 

If institutions and capacity for 
adaptation in the mountains remain 
very minimal, vulnerability to climate 
change will remain high 

Degradation of ecosystems 

Loss of biodiversity and quality of life. 
Unless degradation of ecosystem is 
avoided, decentralized bottom-up 
actions and governance will emerge 


4.5 Beyond 2050 to 2080: Knowledge Gaps 
and Ways Forward 

The decisions and choice of actions discussed in Sect. 4.4 
are going to be important in realizing the 2080 scenario of a 
prosperous HKH. Unless the suggested actions are imple¬ 
mented, the downhill or business as usual scenarios are 
likely to prevail and will undermine prosperity beyond 2050. 
For the two pathways mentioned, there can be many com¬ 
binations of actions by which prosperity can be achieved. 

Decisions are going to be strategic through various levels of 
cooperation and at clear intervals. Otherwise, the chances of 
achieving prosperity will be uncertain as spiralling conflicts 
can have a cumulative effect, leading to a pathway that 
diverges from long-term prosperity. The most important 
decision on the level of cooperation will also be guided by the 
decision of the chosen pathway, technology, and resource 
sharing. However, regional cooperation on resource sharing 
will not guarantee prosperity for the region unless global 
mitigations are guaranteed. The expert and stakeholder con¬ 
sultations clearly brought out the highest pessimism in this 
context. However, the Paris Agreement, if adequately imple¬ 
mented, can help in achieving the prosperous scenario. 

As this chapter has developed future long-term scenarios 
and considers transformation toward long-term prosperity, 
the knowledge gaps described here also focus on the 
long-term context. As this effort is a first of its kind, 
long-term scenario development for the HKH, it is clear that 
a more extensive process covering many more stakeholders 
needs to be undertaken. Such a process will further improve 
the understanding of the possible strategies that take into 
consideration technological, socio-political, and economic 
aspects. In this context, more refined indicator development 
through a continuous process of participatory engagement in 
the region might be useful. 

The scenario and pathway building reflected in this 
chapter has been primarily a qualitative process, but one 
based on bottom-up, participatory, consultative shared nar¬ 
ratives and scoring. There is no top-down regional impact 
assessment model being used to quantify the qualitative 
scenarios and pathways. Although qualitative storyline 
building and strategy identification through wider partici¬ 
pation in the region remains a major tool for continued use in 
the future, developing a regional assessment model for 
quantitative assessment specifically for the HKH would also 
be advisable to better inform decisions. For example, risks 
associated with various actions that emerged through the 
consultative process across pathways are the least under¬ 
stood. An emission assessment of large-scale interventions, 
an economic assessment for identifying the least costly and 
most beneficial pathway, and for understanding adaptation 
and mitigation costs along the pathways, will help to 
improve future decision making. 
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Chapter Overview 


Key Findings 

1. The mountain ecosystems of the Hindu Kush 
Himalaya (HKH) are diverse with one of the 
highest diversity of flora and fauna providing 
varied ecosystem services to one fourth of 
humanity. With four out of 36 global biodiversity 
hotspots the HKH is a cradle for 35,000+ species of 
plants and 200+ species of animals. At least 353 
new species—242 plants, 16 amphibians, 16 rep¬ 
tiles, 14 fish, two birds, and two mammals, and at 
least 61 invertebrates—have been discovered in the 


Eastern Himalaya between 1998 and 2008, equating 
to an average of 35 new species finds every year. 

2. The HKH has numerous seeds of good practices 
in conservation and restoration of degraded 
habitat along with community development 
which need upscaling and out scaling. These 
participatory and community-based approaches 
have had large ecological, economic, and social 
positive impacts. Substantial degraded forest areas 
are regenerating, as decentralized practices reverse 
deforestation trends. Local communities have 
gained institutional space to decide for themselves 
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on issues related to forests, income, inclusion, and 
social justice. 

3. Global and regional drivers of change on bio¬ 
diversity and ecosystem loss are prevalent and 
increasing in the HKH. These drivers include 
land use and land cover change, pollution, climate 
change, invasive species, solid waste, habitat 
degradation, and overexploitation of resources, 
among others, impacting biodiversity, ecosystem 
services, and human wellbeing. 


Policy Messages 

1. Regional efforts will enhance the resilience of 
HKH ecosystems to extreme events while con¬ 
serving biodiversity and promoting sustainable 
development. Climate change and other drivers are 
altering the structure and population of some HKH 
ecosystems and species, including their distribution 
range, with risks to biodiversity and resilience. 
Because many of these critical HKH ecosystems 
are transnational, regional cooperation is essential 
for translating conservation and development 
challenges into sustainable development opportu¬ 
nities. Attaining the Sustainable Development 
Goals (SDGs) will depend on such cooperation. 

2. The mountain ecosystems of the HKH need an 
integrated and transboundary ecosystem 
approach at the landscape scale for conserva¬ 
tion and sustainable development. It should be 
managed as a mosaic of integrated socio-ecological 
systems across political boundaries. Efforts are 
needed to build on existing traditional practices, 
promote regional cooperation, and increase 
national and global investments. 

3. Investments in mountain ecosystems should be 
made where they are most needed to conserve 
biodiversity, alleviate poverty, and enhance 
sustainable livelihoods. A large population in the 
HKH region still lives in poverty and is highly 
dependent on ecosystem services for livelihoods, 
especially in remote areas and developing nations. 
Because of varying priorities and resource avail¬ 
ability, HKH countries are at different levels of 
investment in managing the mountain ecosystems. 
Therefore, more investment should be set aside for 
enhancing resilience with win-win trade-offs in the 
remote areas and developing countries. 


Mountains make up 24% of the world’s land area, are 
home to 20% of the world’s population, provide 60-80% of 
the world’s fresh water, and harbour 50% of the world’s 
biodiversity hotspots ( well-established ). The United Nations 
recognized the importance of mountain ecosystems, both for 
conserving biological diversity and for sustaining humanity, 
in Chap. 13 of Agenda 21. More generally, ecosystem 
diversity, species diversity, genetic diversity, and functional 
diversity all play key roles in the ecosystem services that 
benefit people and communities ( well-established). 

All these types of diversity are fundamental for the 
mountains of the HKH. With its unique high mountains and 
numerous micro climates, the HKH contains varied eco¬ 
logical gradients that set the stage for species evolution. The 
result is the youngest global mountain biome and one of the 
most ecologically diverse ecosystems in the world ( well- 
established ). Between 1998 and 2008, an average of 35 new 
species were discovered each year in the Eastern Himalaya 
alone ( well-established). 

The ecological diversity of the HKH has long been 
modified by extraction, trade, culture, and land use (< estab¬ 
lished but incomplete). Of the region’s population, 70-80% 
live in rural areas, while 60-85% subsist directly through 
ecosystem services ( well-established ). Now, however, the 
region is being subjected to pressures that are more 
aggressively unfriendly to ecosystems. Climate change is 
one of these pressures; unprecedented development is 
another ( established but incomplete). 

Global and regional drivers of biodiversity loss—such as 
land use change and habitat loss, pollution, climate change, 
and invasive alien species—are prevalent and increasing in 
the HKH ( established but incomplete). For example, by the 
year 2100 the Indian Himalaya could see nearly a quarter of 
its endemic species wiped out ( inconclusive ). Countries in 
the region already place a premium on functional ecosystems 
and ecosystem services: more than 39% of all land in the 
HKH lies within a protected area network ( well-established). 
Even so, ecosystems are in stress or subject to risks from a 
changing climate, from varying government policies, and 
from expanding markets—at all levels (established but 
incomplete). 

Broadly, ecosystem services have four kinds of value: 

• Social—for public benefit 

• Cultural—for aesthetic and communal significance 

• Ecological—for environmental conservation and 

sustainability 

• Economic—for livelihoods through goods and services 
production. 
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We generally know less about social and cultural value in 
the HKH than about ecological and economic value 
(established but incomplete). All four kinds of value, 
however, have received little attention—either qualitative or 
quantitative—compared with such widely researched topics 
in the region as carbon, water, and hydropower ( well- 
established). For example, recreation is a growing principal 
livelihood activity in the Himalaya. Some analyses 
acknowledge the positive economic gains, but also negative 
impacts on biodiversity and ecosystem services ( established 
but incomplete). However, many of these studies focus on a 
small area and lack the holistic view needed to inform policy 
decisions ( well-established). 

Better management of HKH ecosystem services entails 
learning more about the state and trends of coupled 
socio-ecological systems. The diverse landscapes of the 
region provide multiple services with complex, dynamic 
interrelations. Some studies based on integrated systems 
analysis (most emerging from hydrology and geology) have 
traced upstream-downstream links at both the catchment and 
the basin scale. Common drivers, affecting multiple 
ecosystem processes and interactions among ecosystem 
services, can create both synergies and trade-offs between 
ecosystem health and the flow of services (< established but 
incomplete). Trade-off analysis is thus critical for integrating 
ecosystem services into landscape planning, management, 
and decision making—especially in looking at alternate 
paths to sustainable land use ( well-established). 

Recent decades have seen considerable development in 
concepts of biodiversity conservation—from perspectives 
that focused on species while excluding people, to new 
approaches centred on people and communities ( well- 
established). As a result, biodiversity conservation in the 
HKH has changed along with natural resource management. 
Participatory models have emerged and been accepted in 
various sectors, with the region generally adopting the 
‘ecosystem approach’ advocated by the United Nations 
Convention on Biological Diversity (1992). Traditional 
ecological knowledge, beliefs, and culture have contributed 
substantially towards meeting conservation goals ( estab¬ 
lished but incomplete). 

These participatory and community-based approaches 
have had large ecological, economic, and social positive 
impacts. Substantial degraded forest areas are regenerating, 
as decentralized practices reverse deforestation trends. Local 
communities have gained institutional space to decide for 
themselves on issues related to forests, income, inclusion, 
and social justice. As people make their own decisions rather 
than reacting to orders from government officials, rural res¬ 
idents have been able to avail themselves of more local 
economic opportunities. Progressive policies have driven 
this paradigm shift (< established but incomplete). 


And yet the challenges facing the region could have 
cascading effects, especially for communities highly 
dependent on ecosystem services ( established but incom¬ 
plete). The transformative changes to date were driven 
mainly by a changing climate and land use change. As a 
result, changes to production systems are required to address 
potential resource crises arising from a growing population 
and increasing demand. Special attention must now be paid 
to governance effectiveness and implementation of evolving 
policies ( established but incomplete). 

Despite successes in community-based conservation and 
development, conserving the global assets of the HKH 
remains a challenge ( established but incomplete). The HKH 
ecosystems provide crucial ecosystem services to 1.9 billion 
people, more than any other mountain system (well-estab¬ 
lished). As they continue to provide these services both 
within and outside the region, how can their biodiversity be 
sustained and the continued flow of services assured? The 
solution will be to manage the HKH as a mosaic of inte¬ 
grated socio-ecological systems across political and sectoral 
boundaries, linking upstream and downstream conservation 
action with local climate adaptation strategies (established 
but incomplete). 

We still need to improve our understanding of biodiver¬ 
sity and ecosystem functions and services in the HKH ( well- 
established). Only with improved technical knowledge, 
policies, and practices can environmental security be 
assured. It should also be strengthened through integration of 
traditional practices with science-based conservation, regio¬ 
nal cooperation, and national and global investments 
(established but incomplete). 

Biodiversity, Ecosystems and the Sustainable 
Development Goals 

Building the social and ecological resilience of HKH 
mountain ecosystems will be essential for attaining 
Sustainable Development Goal (SDG) 15: Protect, 
restore and promote sustainable use of terrestrial 
ecosystems, sustainably manage forests, combat 
desertification, and halt and reverse land degradation 
and halt biodiversity loss. Most specifically relevant is 
Target 15.4: “By 2030, ensure the conservation of 
mountain ecosystems, including their biodiversity, in 
order to enhance their capacity to provide benefits that 
are essential for sustainable development.” 

In addition, sustaining the flow of HKH ecosystem 
services can help attain SDGs 1 (alleviating poverty), 
SDG 2 (zero hunger), SDG 5 (addressing gender and 
social equity), SDG 6 (water, sanitation, and water for 
productive purposes), and SDG 7 (access to clean 
energy). Here, inclusive and transformative change is 
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needed—recognizing the role of mountain communi¬ 
ties in providing ecosystem services, adding new 
incentives, generating opportunities. Policies should 
develop and support markets for mountain niche 
products, and should enable investment in the 
mountains. 


5.1 Mountain Biodiversity and Ecosystem 
Services: A Major Global Asset Under 
Threat 

Mountains make up 24% of the world’s land area, are home 
to 20% of the world’s population, provide 60-80% of the 
world’s freshwater, and harbour 50% of globally recognized 
biodiversity hotspots (Mittermeier et al. 2004; Rodri- 
guez-Rodriguez et al. 2011; Maselli 2012). Mountain ranges 
act as barriers to some organisms and bridges to others, and 
therefore facilitate species isolation, speciation, extinction, 
and migration (Komer and Ohsawa 2005). The mountain 
ecosystems provide key livelihood resources such as food, 
timber, fibre, and medicine and a wide range of services such 
as fresh air and water, climate regulation, carbon storage, and 
the maintenance of aesthetic, cultural, and spiritual values 
(Gret-Regamey et al. 2008; Schild 2008; Bhat et al. 2013; 
Sandhu and Sandhu 2014; Ahmad and Nizami, 2015; 
Hamilton 2015). The natural and semi-natural vegetation 
cover on mountains helps to stabilize headwaters, prevent 
flooding, and maintain steady year-round flows of water by 
facilitating the seepage of rainwater into aquifers, vital for 
maintaining human life in the densely populated areas 
downstream. As a result, mountains have often been referred 
to as ‘water towers’ (Schild 2008; Mukherji et al. 2015; 
Molden et al. 2016). Recognizing the importance of moun¬ 
tains for biodiversity and sustaining ecosystem services, 
Chap. 13 of Agenda 21 (1992) has recognized mountains as a 
significant habitat for support of all forms of living organ¬ 
isms, animals (including humans), and plants (UN 1992). 

Driven by plate tectonics, the mountains of the HKH have 
unique ecosystems with altitudinal variation giving rise to 
numerous micro climates and diverse ecological gradients. 
The HKH is the youngest and one of the most diverse 
ecosystems among the global mountain biomes, with 
extreme variations in vegetation, climate, and ecosystems 
resulting from altitudinal, latitudinal, and soil gradients (Xu 
et al. 2009a; Sharma et al. 2010). This diverse biophysical 
habitat sets the stage for a rich biodiversity and species 
evolution (Miehe et al. 2014; Hudson et al. 2016). The 
region is the source of 10 major river systems with pro¬ 
ductive landscapes and strong upstream downstream 


linkages (Xu et al. 2009a), and includes all or part of four 
global biodiversity hotspots—Himalaya, Indo-Burma, 
mountains of Southwest China, and mountains of Central 
Asia (Mittermeier et al. 2004; Chettri et al. 2010) —which 
contain a rich variety of gene pools and species with high 
endemism and novel ecosystem types (Fig. 5.1.) In addition, 
the region supports more than 60 different ecoregions, many 
of them Global 200 ecoregions (Olson and Dinerstein 2002). 
The ecosystem services from the HKH sustain 240 million 
people in the region and benefit some 1.7 billion people in 
the downstream river basin areas (see Box 1.1) and have 
been well recognized by many scholars (Quyang 2009; Xu 
et al. 2009a; Molden et al. 2014a; Sharma et al. 2015). 

The natural and semi-natural landscapes of the HKH have 
been altered, modified, and influenced by human history, 
culture, and traditional practices for thousands of years 
(Deterra 1937; Ives and Messerli 1989; Goldewijk et al. 
2010, 2011; Ellis 2015). The HKH has witnessed human 
intervention since circa 5000 years BP, bringing crop 
diversity, cattle farming, and cultural congruence from east 
and west and leading to the creation of dynamic landscapes 
(Gurung 2004a; Miehe et al. 2009, 2014; Chen et al. 2015a). 
These dynamic landscapes have brought higher biological 
diversity through use, diversification, and promotion of 
plants, animals, agrobiodiversity, and traditional knowledge 
(Xu et al. 2005; Uprety et al. 2016). The diverse social 
networks across the region and rapid development of trade 
facilitated the exchange of cultures, knowledge, and mate¬ 
rials (Chaudhary et al. 2015a, b). They evolved into coupled 
socio-ecological systems which have been significant not 
only for the people living in the mountain areas, but also for 
those beyond who benefit from the ecosystem services 
(Blaikie and Muldavin 2004; Nepal et al. 2014a, b). 

The HKH is now being subjected to further change, 
including climate change (Shrestha et al. 2012) and unpre¬ 
cedented development that is environmentally unfriendly 
(Pandit et al. 2007; Grumbine and Pandit 2013; Xu and 
Grumbine 2014a). There are examples of both negative and 
positive impacts of the various drivers resulting in change in 
wildlife population, plant phenology, and ecosystem pro¬ 
ductivity across the region (Bawa and Seidler 2015; Singh 
and Borthakur 2015; Chaudhary et al. 2016a, b). Moreover, 
an increase in the number and severity of natural disasters as 
well as a breakdown of traditional systems of management is 
an indicator of the decreasing resilience of the HKH system 
(Elalem and Pal 2015). Global drivers of biodiversity loss, 
namely land use land cover change, habitat change, overex¬ 
ploitation, pollution, invasive alien species, and climate 
change, are prevalent in the HKH (Maxwell et al. 2016) and 
are increasing (Chettri and Sharma 2016). Solid waste man¬ 
agement and haphazard development are bringing additional 
challenges (Kala 2014; Posch et al. 2015). Although there are 
a number of examples of best practices in community-based 
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Fig. 5.1 Four global biodiversity hotspots and 10 river basins of the HKH 


conservation and development initiatives, the challenges still 
exist in terms of good governance (Pai and Dutta 2006; 
Sharma et al. 2010). Sectoral and piecemeal approaches are 
among the limiting factors as they do not create many 
incentives for local communities to conserve biodiversity and 
water resources (Rasul 2014). Despite this, the Himalaya 
continue to provide ecosystem services that sustain societies 
both within the region and beyond. The diverse cultures and 
traditions manifested by over 1,000 ethnic groups (Turin 
2005) continue to nurture the ecosystems at various spatial 
scales. In addtion, innovative practices have also promoted 
the production, restoration, and conservation of ecosystems 
and the services that they provide (Banskota et al. 2007; 
Sharma et al. 2007a, b, c; Aase et al. 2013). 

In order to ensure the sustainability of ecosystems and 
continuity of ES, it is critical that biodiversity be managed as 
a mosaic of integrated socio-ecological systems. This should 
encompass systems across political and sectoral boundaries, 
and link upstream and downstream conservation action with 
local climate adaptation (Xu and Grumbine 2014a). To gain 
a better knowledge of the ecosystem services that people 
depend on for benefits and values, it is necessary to under¬ 
stand the state and dynamics of biodiversity and ecosystem 
functions. This understanding could be strengthened through 
deeper understanding of traditional practices and integrated 
with science-based conservation, regional cooperation, and 
national and global investments on policy and practices for 


environmental security (Fig. 5.2). In this chapter we move 
forward with this integrated approach to biodiversity con¬ 
servation and ecosystem services and try to visualize their 
provision spatially and temporally. The content is basically 
drawn from learning and good practices from the past and 
lessons from the present, and we try to sow seeds for the 
sustainability of these services in the future with recom¬ 
mendations for future policy and practice. 

Due to the extremely wide scope of the chapter and large 
volume of literature available, we have attempted to focus 
only on the key thematic areas of biodiversity and ecosystem 
services, with some examples to illustrate the trends 
observed across the HKH. We have structured our chapter to 
(1) contextualize the state of biodiversity and ecosystem 
status; (2) highlight the status and trends in biodiversity and 
ecosystem services; (3) document the current state of the 
coupled socio-ecological system; (4) highlight conservation 
and management practices; and (5) identify gaps and suggest 
strategic directions for mountain sustainability. 


5.2 The Rich Biodiversity of the HKH Region 

The Convention on Biological Diversity gives a formal 
definition of biodiversity in Article 2: “biological diversity 
means the variability among living organisms from all 
sources including, inter alia, terrestrial, marine, and other 
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Fig. 5.2 Linkages between 
ecosystems, biodiversity, and 
human wellbeing (adapted from 
de Groot et al. 2010) 



aquatic ecosystems and the ecological complexes of which 
they are part; this includes diversity within species, between 
species, and of ecosystems”. The HKH exhibits high levels 
of diversity and heterogeneity, partly in response to the high 
climatic variability and rugged topography. Very high levels 
of biodiversity and species richness (Myers et al. 2000; 
Sharma et al. 2010; Zomer and Oli 2011) are the result of a 
combination of several biophysical and geographical factors 
(Ives and Messerli 1989; Miehe et al. 2015a), including 
altitudinal zonation along a long and steep elevation gradient 
that ranges from near sea level at the base of the foothills up 
to the highest mountains in the world, with a prominent rain 
shadow zone on the Tibetan Plateau; a moisture and pre¬ 
cipitation gradient that goes from generally wetter in the east 
to semi-arid and drier zones in the west; and the blocking 
effect of the high mountain barrier which allows tropical 
conditions to flourish in deep valleys by blocking cold 
continental northern winds from protruding further south, 
even though physically these mountains are outside the 
tropics. Rainfall in the HKH is primarily fed by the Indian 
summer monsoon, which weakens as it moves from the 
eastern reaches of the Himalaya northwest towards the 
Hindu Kush, and by winter storms which bring moisture in 
from the Arabian Sea (Barlow et al. 2005). The interaction of 
these two main precipitation regimes with the altitudinal 
gradient results in pronounced spatial, but also temporal, 
gradients in temperature and precipitation throughout the 
HKH, and consequently high levels of ecosystem diversity. 

Additionally, the steep slopes of the HKH have high 
levels of erosion (Ives and Messerli 1989), which provide 


nutrient-rich sediments that help to sustain ecosystem flow to 
the 10 Asian river basins emanating from these highland 
water towers and impact the agricultural productivity of the 
floodplains. Equally, the high levels of erosion also result in 
habitat degradation and biodiversity loss (Xu et al. 2009a). 

The mountain building, driven by plate tectonics, have 
created a diverse landscape, climate variability, ecological 
gradients, and physical habitats that set the stage for 
ecosystem differentiation (Hua 2012) and species evolution 
(Hoorn et al. 2013; Tremblay et al. 2015). The initial uplift of 
the Himalayan and Hindu Kush ranges from the mid to late 
Eocene, and the more recent (early Pliocene) uplift of the 
Hengduan Mountains, have enabled the development of a 
large number of recognized ‘biodiversity hotspots’ (Hughes 
and Atchison 2015; Mittermeier et al. 2015; Rodriguez-Ro- 
driguez et al. 2011). The high levels of species richness found 
here are derived from both endemic speciation from local 
ancestors and migration of organisms from distant locales, 
noting that this region represents a congruence of two dif¬ 
ferent floristic realms (Palearctic and Indomalayan) (Olson 
and Dinerstein 2002). Likewise, the region is also one of the 
most productive and intensively cultivated mountain regions 
in the world, with a high population density and ethnic 
diversity, which likewise has led to high levels of agrobio¬ 
diversity, farming system and agro-ecosystem differentiation, 
and domestication of many important food plants and ani¬ 
mals (Gorenflo et al. 2012; Pandit et al. 2014; Karan 2015). 

The bioclimatic zones range from hot tropical moist to 
lush green and humid valleys in the central and eastern 
midhills along the ranges, extensive mountain forests, 
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Bioclimatic Zones 
■I Extremely Gold end wet 
^■Cold and wet 
M Extremely cold and meslc 
M Cold and mesic 
I I Cool temperate and dry 
I 1 Cool temperate and xeric 
I i Cool temperate and moist 
I I Warm temperate and mesic 


E i Warm temperate and xeric 
E 1 Hot and mesic 

I M Hot and dry 

I I Hot and arid 

l I Extremely hot and arid 

M Extremely hot and xeric 
H Extremely hot and moist 


Fig. 5.3 Major bioclimatic zones, based on the Global Environmental Stratification (Metzger et al. 2013), found within the mountainous and 
highland regions of Asia. Mountains and highland areas are identified based on Kapos et al. (2000) using data from WCMC-UNEP (2002) 


moist alpine meadows, remote and arid trans-Himalayan 
valleys, the cold Tibetan Plateau and vast areas of high 
altitude grasslands and steppe, and arid and semi-arid 
regions in the west, as well as extensive areas of permanent 
snow and ice. Zomer et al. (2016) found that 105 of 125 
bioclimatic strata worldwide (Metzger et al. 2013), each 
representing a broad set of unique but homogenous bio¬ 
climatic conditions, were found within the HKH and its 
associated downstream river basins (Fig. 5.3). This biocli¬ 
matic and geographic heterogeneity has given rise to an 
array of ecosystems, biomes, and forest types (ranging 
from moist tropical broadleaf to temperate oak forests, 
alpine conifers, alpine pastures, and high altitude grass¬ 
lands) providing habitat for a diversity of wildlife (in¬ 
cluding tiger, Asian elephant, musk deer, blue sheep, snow 
leopard, Tibetan antelope, and many other rare and 
endangered species). Many of the highest levels of diver¬ 
sity worldwide, in terms of plants and animals, are found in 
these mountain ranges, in three major global biodiversity 


hotspots—Himalaya, Indo-Burma, and the mountains of 
Southwest China (Allen et al. 2010). This area represents 
an important habitat for a high proportion of endemic and 
threatened mammals (Hoffmann et al. 2010); fish, molluscs, 
and dragonflies (Allen et al. 2010); birds (Dunn et al. 
2016); and agrobiodiversity (Chettri et al. 2010), for which 
the HKH is renowned. 

The Indo-Burma hotspot is one of the most significant 
hotspots, with rich diversity and a high proportion of endemism 
(Table 5.1). However, high levels of endemism are found 
throughout these mountains (Myers et al. 2000) amongst a vast 
array of plants, mammals, birds, reptiles, and other taxa, many 
of which are threatened or endangered. Recently, the region has 
been mentioned prominently within various listings of crisis 
ecoregions, endemic bird areas, megadiverse countries, and 
Global 200 ecoregions (see Brooks et al. 2006). However, the 
predictive models indicate that about 70-80% of the original 
habitat has already been lost and that loss may increase to 80- 
87% by 2100 (see Jantz et al. 2015 and Table 5.2). 
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Table 5.1 Distribution of total and endemic (in parentheses) species 
in the four biodiversity hotspots in the HKH 


Biodiversity 

Himalaya 

Indo-Burma 

Mountains 

of 

Southwest 

China 

Mountains 
of Central 
Asia 

Plants 

10,000 

(3,136) 

13,500 

(7,000) 

12,000 

(3,500) 

5,500 

(1,500) 

Mammals 

300 (12) 

433 (73) 

237 (5) 

143 (6) 

Birds 

977 (15) 

1,266 (64) 

611 (2) 

489 (0) 

Reptiles 

176 (48) 

522 (204) 

92 (15) 

59(1) 

Amphibians 

105 (42) 

286 (154) 

90 (8) 

7(4) 

Freshwater 

hsh 

269 (33) 

1,262 (553) 

92 (23) 

27(5) 


Source Conservation International (2016) 


5.2.1 Ecosystem Diversity 

The variation in species richness and diversity are mainly 
driven by ecosystem diversity (Tews et al. 2004). When there 
is a mosaic of habitats comprised of different ecosystems 
such as forest, grassland, water bodies, agriculture and so on, 
species diversity increases due to interspecific facilitation 
(Cardinale et al. 2002). This is one of the reasons biodiversity 
is not equally distributed across the HKH; the western part of 
the region is comparatively homogenous with arid and 
semi-arid vegetation (Fig. 5.3). A recent analysis identified 
the dominant terrestrial ecosystems to be high altitude 
grassland (54%), followed by forest (20%), shrubland (15%), 
and agricultural land (5%), with the remaining 6% composed 
of barren land, rocky outcrops, built-up areas, snow cover, 
and water bodies (Xu et al. 2009a). 

In socio-ecological systems, people are directly or indi¬ 
rectly dependent on their surrounding ecosystems; forest, 
rangeland (alpine), agriculture, and wetland ecosystems play 
an important role in the HKH in this context. The most 
widespread ecosystem in the HKH is rangeland; it is mostly 


distributed in the western Himalaya and Tibetan Plateau, and 
provides habitat for many globally significant plants and 
animals including one of the highest densities of domesticated 
animals such as yak (Bos grunniens ) (Schaller 1998; Foggin 
2012). The forest ecosystem, with about 20% of the land 
cover, is one of the most important ecosystems both for local 
communities and for wildlife living in tropical and temperate 
conditions. Forest has provided fodder, fuel, medicine, fibre, 
and many other services for people, and a habitat and corridor 
for wildlife, for millennia (Uprety et al. 2016; Wang et al. 
2016). Although the agriculture ecosystem only covers 5% of 
the total area, it is key to the direct provision of food and food 
security and nutrient supply (Rasul and Sharma 2015). The 
majority of people are subsistence farmers with comparatively 
small landholdings compared to their counterparts in lowland 
areas (Hussain et al. 2016). The region has one of the largest 
number of high altitude wetlands in the world, around 36 of 
which are designated as Ramsar sites (Upadhaya et al., 2009). 
These wetland ecosystems are a repository for a wide range of 
flora and fauna including threatened and endemic species 
(Jain et al. 2000; Savillo 2009; Sharma et al. 2016), and many 
of them are vital to culture and tourism (Maharana et al. 2000; 
Anand et al. 2012). 

The ecosystem diversity is further supported by elevation, 
micro climate, and aspect variations leading to gradients of 
forest and other ecosystems along the altitudinal variation 
(see Fig. 5.4). The gradient from tropical (<500 m) to alpine 
ice-snow (>6000 m), with a principal vertical vegetation 
regime composed of tropical and subtropical rainforest, 
temperate broadleaf deciduous or mixed forest, and tem¬ 
perate coniferous forest, including high altitude cold shrub 
or steppe and cold desert, brings more ecosystem diversity. 
The variation in ecosystem functions and processes provides 
different ecosystem services to people and different oppor¬ 
tunities to support livelihoods (Miehe et al. 2015b). Some of 
the ecosystems such as wetlands provide more than 85% of 
gross household income locally (Sharma et al. 2015). 


Table 5.2 Current and future (seven climate-change scenarios) estimates of loss of area in individual biodiversity hotspots relative to the year 
1500 



Current estimates of loss (%) 

Year 2100 estimates of loss a (%) 

Hotspot 

Mittermeier et al. 
(2004) 

Modelled 

2005 

RCP2.6 

RCP2.6 

RCP4.5 

RCP6.0 

RCP6.0 

RCP8.5 

RCP8.5 

Himalaya 

75 

77 

93 

91 

91 

95 

93 

86 

92 

Indo-Burma 

95 

38 

71 

64 

63 

68 

64 

83 

61 

Mountains of Central 
Asia 

80 

69 

76 

77 

77 

72 

77 

77 

76 

Mountains of 

Southwest China 

92 

66 

97 

97 

97 

83 

97 

78 

96 

Total 

86 

70 

84 

78 

77 

82 

80 

87 

80 


a See Jantz et al. (2015) for descriptions of the land-use change scenarios 
RCP = representative concentration pathway 
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(Table 5.3). At least 353 new species were discovered in the 
Eastern Himalaya between 1998 and 2008, an average of 35 
new species finds per year. The discoveries included 242 
plants, 16 amphibians, 16 reptiles, 14 fish, 2 birds, 2 mam¬ 
mals, and at least 61 invertebrates (Thompson 2009). In 
addition, the HKH region—mostly the Eastern Himalaya— 
is also known for some iconic species such as Rhododen¬ 
dron. With seven species of Rhododendron have been 
reported in the western Himalaya, with increasing diversity 
shown towards the Eastern Himalaya (Nepal, Sikkim and 
Darjeeling in India, Bhutan, and North East India), and the 
highest number of species in China (Milleville 2002; Prad- 
han et al. 2003; Singh 2009; Shu 2005). As many as 46 
Rhododendron species have been classified as rare or 
threatened in the India area of the Eastern Himalaya alone 
(Menon et al. 2012). In addition, orchids, medicinal and 
aromatic plants, and wild edible plants also play an impor¬ 
tant role in livelihoods and local economies and are abun¬ 
dant in the region (Kalita et al. 2014; MoEF 2014). 
Interestingly, the region also contains, wholly or partially, 
three of Vavilov’s eight centres of origin of cultivated plants 
(Simpson and Ogorzaly 1986). 

5.2.3 Genetic Diversity 

Genetic diversity, defined as the variety of alleles and 
genotypes present in a population, is a fundamental source of 
biodiversity (Hughes et al. 2008). It is critical for the sur¬ 
vival and adaptability of a species, helping organisms to 
cope with current environmental variability, reducing the 
potentially deleterious effects of close relative breeding, and 
increasing disease resistance (Frankham 2005). Maintaining 
diversity at a genetic level also holds significance for species 


Country 

Area 

(km 2 ) 9 

Floral diversity 

Faunal diversity 


Angiosperms 

Gymnosperms 

Mammals 

Birds 

Reptiles 

Amphibians 

Fish 

Afghanistan 1 

652,230 

3,500-4,500 

NA 

137-150 

428- 

515 

92-112 

6-8 

101-139 

Bangladesh 2 

144,000 

3,723 

7 

128 

650 

154 

49 

712 

Bhutan 3 

38,394 

5,603 

NA 

200 

700 

124 

61 

91 

China 4 

9,596,960 

34,984 

NA 

556 

1,300 

1,186 

380 

279 

India 5 

2,387,590 

17,926 

74 

423 

1,233 

526 

342 

3,022 

Myanmar 6 

676,577 

11,800 

NA 

251 

1,000 

279 

82 

350 

Nepal 7 

147,181 

6,973 

26 

208 

867 

123 

117 

230 

Pakistan 8 

882,000 

5,757 

38 

198 

696 

177 

22 

>1,000 marine; 198 
freshwater 


Sources ^NBSAP (2013); 2 DoE (2015); 3 MoAF (2014); 4 MoEPC (2014); 5 MoEF (2004, 2008); 6 MoECF (2011); 7 MoFSC (2014); 8 CCD 
(2014); 9 Chettri and Sharma (2016) (except Nepal) 


NA = data not available 

Except for Bhutan and Nepal, the numerical data are for the whole country and not segregated for the HKH region 


Above 4,000 
3,000-4,000 


2,500-3,000 

2,000-2,500 

1 , 000 - 2,000 

Below 1,000 


Alpine riverine 
ALPINE Alpine meadow 
Alpine scrub 


Sub-alpine riverine forest 
SUB-ALPINE Sub-alpine mesic forest 
Sub-alpine xeric forest 


COOL 

TEMPERATE 


Cool temperate riverine forest 
Cool temperate mesic forest 
Cool temperate xeric forest 


WARM 

TEMPERATE 


Warm temperate riverine forest 
Warm temperate mesic forest 
Warm temperate xeric forest 



Fig. 5.4 Vegetation zones and dominant forest types found across the 
HKH (Chettri et al. 2010) 


5.2.2 Species Diversity 

The variation in ecosystems, land use, and landcover across 
the HKH is reflected in the species distribution, with high 
diversity and richness in megadiverse countries like China, 
India, and Myanmar and comparatively less diversity and 
richness in arid and semi-arid regions such as Afghanistan 


Table 5.3 Reported species richness in the countries of the HKH 
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evolution, and through agricultural biodiversity contributes 
to sustaining and strengthening food, nutrition, health, and 
livelihood security (Notter 1999; Esquinas-Alcazar 2005). 
The origin of the chicken and its domestication (Gallus 
gallus domesticus) is thought to be in the region, particularly 
in India and China (Liu et al. 2006). The huge variety of 
traditional crops and cultivars used in the subsistence 
farming system, including swidden agriculture, is very little 
known outside the region. These species harbour an enor¬ 
mous genetic diversity (landrace/varieties) of both regional 
and global significance. For example, 2,500 landraces of rice 
(i Oryza sativa) have been identified in Nepal (Gupta et al. 
1996). The number could increase significantly if reviewed; 
the western Himalaya alone adds 100 types of basmati rice 
(Salgotra et al. 2015). Taro (Colocasia esculenta) is another 
widely distributed food crop, which is believed to be from 
the Eastern Himalaya (Xu et al. 2001). Studies have shown 
that the indigenous crop varieties traditionally cultivated and 
maintained by farmers contain high levels of genetic diver¬ 
sity and can serve as potential genetic resources for 
improving yield, resistance to pests and pathogens, and 
agronomic performance, thereby helping to maintain future 
food security in the light of the changing climate (Brush 
1995; Hoisington et al. 1999; Mandel et al. 2011). 

Despite being a repository of genetic resources of the 
global significance, the region has received comparatively 
little attention in terms of genetic research and in situ con¬ 
servation. For example, in a recent review of biodiversity 
research, Kandel et al. (2016) noted that only around 2% of 
the research on the Kangchenjunga Landscape is at genetic 
level, compared to 20% at the ecosystem level and 78% at 
the species level. The identification and recording of species 
are still at an early stage, the necessary baseline data for 
identifying genetic diversity are not available, and the con¬ 
stant monitoring needed to examine population dynamics as 
a function of changing climate impacts is sorely lacking. The 
scant amount of genetic-level research could be due to very 
limited financial resources, lack of institutional capacity, an 
inadequate knowledge base, lack of accessible sophisticated 
technologies, and restrictive government policies towards 
such research in the region (Grajal 1999; Bubela and Gold 
2012 ). 

5.2.4 Functional Diversity 

Functional diversity is a component of biodiversity that 
generally concerns the range of things that organisms do in 
communities and ecosystems. A variety of definitions exist, 
such as “the functional multiplicity within a community” 
(Tesfaye et al. 2003) and “the value and range of those 
species and organismal traits that influence ecosystem 
functioning” (Tilman et al. 2001). But the term is frequently 


used without definition or reference, normally considering 
phenotypic trait and/or trophic levels (Tilman et al. 2001). 
The framework of this paper (see Fig. 5.2) indicates that 
functional diversity among the individual species within an 
ecosystem is vitally important for the production and flow of 
ecosystem services. The physiological interaction among 
biotic and abiotic elements with a production function is 
instrumental in the derivation of ecosystem services (see de 
Groot et al. 2010). Among these, nutrient production from 
decomposition, water from evapotranspiration, and food 
from pollination services are important ecosystem functions 
resulting from functional diversity (see Fig. 5.2). In recent 
years monitoring the functional values of the ecosystems for 
monitoring has been recognized for better understanding of 
the ecosystems (Gagic et al. 2015). 

Containing some of the youngest mountain ecosystems 
on Earth, the HKH ecosystem continues to be shaped and 
reshaped by anthropogenic and geological processes, leading 
to diversity. This diversity is manifested by thousands of 
phenotypic traits and their interaction at different trophic 
levels supporting species evolution and richness. A very 
high diversity and wide range of climatic zones are found 
across this highly heterogeneous region, associated with 
steep elevational gradients and continental, oceanic, and 
latitudinal influences. Out of 125 bioclimatic strata identified 
in the Global Environmental Stratification (GEnS) world¬ 
wide, more than 105 are found within the HKH and its 
associated downstream basins (Metzger et al. 2013). This 
wide range of bioclimatic diversity, combined with the 
heterogeneous terrain and topographic and orographic 
effects, and along with the confluence of several major 
floristic zones across the region, has enabled a rich and 
highly diverse biodiversity to develop, with a high degree of 
endemism (Fig. 5.4). This diversity is likewise reflected in 
the many cultures and languages found across and along 
these mountains. 

Functional diversity plays a pivotal role in the provision 
of ecosystem services, which can also be considered as the 
benefit from nature for people’s wellbeing (Diaz et al. 2015). 
Functional diversity at ecosystem, species, and genetic levels 
is fundamental for the lives of the majority of the rural 
communities living in the HKH. In many parts, 70-80% of 
the population live in rural areas, and the majority (60-85%) 
are still directly or indirectly dependent on this diversity for 
their livelihoods (Sharma et al. 2015). 

Human colonizers of the Himalaya over past millennia 
devised a wide range of foraging systems, from nomadism to 
shifting cultivation, from sedentary agriculture to fishery. 
The earliest human settlement identified on the Tibetan 
Plateau was established some 5,200 years before the present 
(Chen et al. 2015a) (see Fig. 5.5). Ecological and societal 
feedback shape the flow of services and may promote, 
reduce, or unravel such bundles during the constant 
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Fig. 5.5 Climatic records, radiocarbon dates, and charred cereal grain 
records from 53 investigated sites from different archaeological cultures 
on the northeastern Tibetan Plateau, a Asian summer monsoon changes 
indicated by Dongge Cave speleothem oxygen isotopes, b Northern 
Hemisphere (30° to 90° N) temperature record compared to 1961-90 
instrumental mean temperature, c Calibrated AMS radiocarbon dates of 
charred grains (solid symbols with 2s error bar) from the 53 sites at 
different elevation; Zone I includes 25 sites below 2500 masl dated 


between 5200 and 3600 calendar years BP; zones II and III include 12 
sites below and 17 sites above 2500 masl dated between 3600 and 2300 
calendar years BP. Circle colours indicate crops as in (d), with the 
addition of capers indicated in yellow, d Density variation of crop 
remains from flotation samples from zones I, II, and III; N = number of 
charred grains, n = number of flotation samples (Reproduced from 
Chen et al. 2015a) 


negotiation of different trade-offs. In the HKH, cultural 
diversity is a key contributor to shaping the ecosystems and 
biodiversity (Turin 2005; Gorenflo et al. 2012). Both 
ecosystems and cultures have adapted to exist in these rel¬ 
atively remote habitats; for example, the villagers in the 
Pamir integrated the human body into the seasons and 
rhythms of their ecological cycle to generate ‘calendars of 
the human body’ (Kassam et al. 2011). These coupled 
socio-ecological systems—facilitating the material, energy, 
and information flows not only between natural systems and 
social systems but also among different social systems—may 
be regarded as cultural landscapes (Taylor and Lennon 
2011). In them, a range of cultural beliefs and mores com¬ 
bine taboos, language, technical practices, knowledge 
transfer, and customary institutions for social consent and 
governance (Xu et al. 2005). The result may be called tra¬ 
ditional ecological knowledge. 


5.3 Ecosystem Services—The Source 
of Human Wellbeing 

The diverse ecosystems of the HKH are important natural 
capital and play a critical role in protecting the life-support 
systems in the HKH and beyond (Maharana et al. 2000; 
Kubiszewski et al. 2013; Sharma et al. 2015). A large pro¬ 
portion of the population in the region still lives in poverty 
(Gerlitz et al. 2012) and is highly dependent on ecosystem 
services for their livelihood and daily requirements (Paudyal 
et al. 2015; Sharma et al. 2015; Chaudhary et al. 2016a, b). 
Biodiversity has a great significance for the societal benefits 
derived from ecosystems, as manifested in a myriad cus¬ 
toms, traditions, and sacred values (Zomer and Oli 2011), 
and as a result, there is an inextricable link in the HKH 
between biodiversity, livelihoods, and culture (Aase et al. 
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2009; Xu et al. 2009b). Degradation of these values affects 
the availability and accessibility of ecosystem services for 
people, which ultimately increases the demand for these 
resources leading to more pressure on the ecosystems and 
human society (Badola et al. 2014; Paudyal et al. 2015; 
Sharma et al. 2015; Chaudhary et al. 2016a, b). 

While the importance of protecting mountain ecosystems 
has been widely accepted (UN 1992), conventional conser¬ 
vation approaches have become a matter of debate and the 
concept of ecosystem services has risen to prominence 
(Singh 2002; Naidoo et al. 2008; Chaudhary et al. 2015a, b). 
Over the past two decades research and publications on 
ecosystem services have grown exponentially and the con¬ 
cept has been discussed and mainstreamed in many 
decision-making processes (Chaudhary et al. 2015a, b; Diaz 
et al. 2015). The idea of ecosystem services dates back to 
Westman (1977), who suggested that the social value of the 
benefits that ecosystems provide could potentially be quan- 
tifiedso that society can make more informed policy and 
management decisions (Gret-Regamey et al. 2012). Many of 
these ecosystems are long-term premium assets, with bene¬ 
fits that reach far beyond their source (see, for example, 
Fig. 5.6). They can have multiple functions at different times 
and scales (Creed et al. 2016). However, one of the chal¬ 
lenges that policy makers and managers face while 
addressing the threats to the ecological integrity of the 
Himalayas, is the fact that there is still not enough infor¬ 
mation available about ecological status and human impacts 
in the region to enable prediction of the losses that will occur 
as a result of the impacts of natural and human-induced 
disturbance (Chettri et al. 2010; Thompson and Warburton 
1985). Globally, ecosystem values can be broadly catego¬ 
rized into four value systems (Komer 2004): 


• Social value: both marketed and non-marketed biodi¬ 
versity used for social benefits and development 

• Cultural value: diverse cultures, species, and landscapes 
as historical treasures of society 

• Ecological value: the interdependence, interaction and 
co-evaluation of species for maintaining ecological pro¬ 
cesses and functions 

• Economic value: directly generating livelihoods from 
quality and quantity of desired products as well as pro¬ 
viding insurance against failure of crops and livestock. 


5.3.1 Social Value of Ecosystem Services 

Over the past two decades, the ecosystem service concept— 
the benefits that humans obtain from ecosystems (MA 2005) 
—has gained importance among scientists, managers, and 
policymakers as a way to communicate societal dependence 
on ecological life-support systems integrating perspectives 
from both the natural and social sciences (Chaudhary et al. 
2015a, b). Although the methodology for ecosystem valua¬ 
tion is still debated, the interdependence of human wellbeing 
and ecosystem health and biodiversity has now been rec¬ 
ognized (Diaz et al. 2015). Biodiversity and the ecosystem 
services derived from diverse ecosystems have been recog¬ 
nized as important sources since time immemorial of societal 
development in the HKH (Rai et al. 1994; Awasthi et al. 
2003; Chen et al. 2015a). The social value of ecosystem 
services is critical, as people have relied substantially on 
these diverse ecosystems for food, shelter, medicine, and so 
on (Pei 1995; Luck et al. 2009; Joshi and Negi 2011). 
Transformative change has been possible in many mountain 


Fig. 5.6 Forest aquatic 
ecosystem services affect people 
long after the time and far from 
where forest management 
decisions are made. The vertical 
axis shows the time lag in terms 
of multi-decadal recovery and the 
scale of impacts ranging from 
local to national and global 
0 Source Creed et al. 2016) 
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areas based on the dependence on varied ecosystems for 
subsistence livelihoods. For example, the community living 
around Koshi Tappu, a Ramsar site in Nepal, indicated 85% 
dependency on various ecosystem services (Sharma et al. 
2015). Similarly, rangeland and forest ecosystems have 
provided diverse ecosystem services in most of the rural 
areas in the HKH (Badola et al. 2010; Dong et al. 2010; 
Joshi and Negi 2011; Pant et al. 2012). Elforts have been 
made to understand the complexity of socio-ecological 
linkages in rangeland (Dong et al. 2010), wetland (Chaud- 
hary et al. 2016a, b), and forest ecosystems (Joshi and Negi 
2011). In summary, the ecosystem services derived from the 
various ecosystems in the HKH have a high value for social 
development and poverty alleviation. 

5.3.2 Cultural Value of Ecosystem Services 

Cultural services are defined as the “nonmaterial benefits 
people obtain from ecosystems” and include the “cultural 
diversity, spiritual and religious values, knowledge systems, 
educational values, inspiration, aesthetic values, social 
relations, sense of place, cultural heritage values, recreation 
and ecotourism” of an ecosystem (MA 2005). These services 
are often considered subjective, intangible, and difficult to 
quantify in monetary terms, and thus, are often neglected or 
completely excluded from valuation (Chan et al. 2012; 
Daniel et al. 2012). The failure to recognize and integrate 
cultural services into ecosystem assessment might lead to 
biased and misleading trade-off assessments, ecosystem 
management, and landscape planning (Schaich et al. 2010). 
The cultural linkage of an ecosystem elicits a positive atti¬ 
tude from the local community towards conservation; sys¬ 
tems which have associated cultural beliefs are less disrupted 
and better maintained (Gao et al. 2013). Cultural services are 
crucial for sustaining the psychological aspects of human 
wellbeing and contribute significantly to the overall value of 
a system to societies. 

The HKH is home to varied ethnic communities with vast 
socioeconomic and cultural diversity (Turin 2005). This 
cultural diversity is associated with the management of the 
landscape and natural resources, and has been a part of the 
co-evolution of society and ecosystems with inextricable 
links between rural livelihoods, land use, human health, and 
climate change (Wilkes 2008; Xu et al. 2008). Religious 
beliefs and rituals, traditions, and customs of local com¬ 
munities often have embedded conservation ethics and have 
influenced the biophysical conditions of an ecosystem. 
These landscapes include sacred groves and forest streams, 
holy mountain peaks, traditional agroforestry systems, and 
sacred lakes. Many such landscapes in the region have been 
well studied for their biodiversity and tourism value (for 
example, Maharana et al. 2000; Anthwal et al. 2010), but 


very few studies have assessed their cultural services 
(Sharma et al. 2007a, b, c). 

5.3.3 Ecological Value of Ecosystem Services 

The ecological value of the HKH is well appreciated and 
reported (Chettri et al. 2008; Sharma et al. 2010). Various 
publications rationalize the ecological value of globally 
significant species, diversity in ecosystems, and ecosystem 
functions (Myers et al. 2000; Mittermeier et al. 2004; Brooks 
et al. 2006). Attempts have also been made to understand the 
distribution of species (Acharya et al. 2011; Bhardwaj et al. 
2012) and ecosystems (Chettri et al. 2012; Zomer et al. 
2014). The region’s ecological value cannot be overstated 
considering its species richness and diversity, particularly as 
the habitat for some of the most fascinating and globally 
significant species in the world. Moreover, the ecosystem of 
the HKH includes Mount Everest and is the highest biome in 
the world, unmatched by any other mountain systems. The 
value of this diversity has long made the HKH one of the 
most favoured destinations for naturalists, geologists, and 
explorers (Kandel et al. 2016). In recent years, the contri¬ 
bution of forest, rangeland, and wetland ecosystems to car¬ 
bon sequestration and soil conservation have been widely 
acknowledged (Upadhyay et al. 2005; Banskota et al. 2007). 

5.3.4 Economic Value of Ecosystem Services 

In recent years, efforts have been made to rationalize the 
significance of ecosystem services in terms of economic 
value (Costanza et al. 2016). Although research on ecosys¬ 
tem services has progressed significantly, the proportion of 
research on actual valuation in economic terms is negligible. 
This is mainly due to limitations in the methodology and the 
geographical complexities prevailing in the HKH (Rasul 
et al. 2011a). However, the growing body of literature 
clearly states that the economic value of both marketed and 
non-marketed goods is high for rural communities who 
depend largely on ecosystem services. One of the most 
comprehensive assessments is from Bhutan, and although 
preliminary, is revealing. The total estimated value of 
ecosystem services was approximately USD 15.5 billion per 
year, significantly greater than the gross domestic product of 
USD 3.5 billion per year, while 53% of the total benefits 
accrue to people outside Bhutan, and 47% to those inside 
(Kubiszewski et al. 2013). The wetland ecosystem is critical 
for many local communities. For example, some wetlands 
provide 85% of the total household income (see Sharma 
et al. 2015). The forested ecosystem is equally important, 
contributing 80% of household income through provisioning 
services in some places (Pant et al. 2012). 
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5.3.5 Changing Ecosystem Services of the HKH 
Region 

Meta-analysis considering the available literature review, 
trend of research on ecosystem services in the HKH was 
made using search engine such as google scholar. About 400 
peer review articles were collected using search word such 
as ‘ecosystem services’ and the name of the countries. The 
results showed, in general, knowledge base and under¬ 
standing of ecosystem services is increasing (Fig. 5.7). 
However, despite a wide range of studies on thematic sub¬ 
jects such as hydropower, water, and carbon storage, there 
are very few qualitative or quantitative assessments of 
ecosystem services. Although the number of publications 
has increased as shown by the increasing trend, the overall 
ratio between numbers of publications reporting decline or 
an increase in the value of the ecosystem services provided 
by the HKH has also changed over the last decade. There is 
also a regional bias in the studies among the countries in the 
region; most are from India, followed by China, Nepal, 
Pakistan, Bangladesh, and Bhutan (Fig. 5.8). We did not 
find any mountain-specific studies from Myanmar, while 
studies from Afghanistan were limited to reviews. Most of 
the studies from India have concluded that the ecosystem 
services provided by the Indian Himalaya have degraded due 
to rapid developmental activities and population growth. 
However, studies from China indicate that the flow of 
ecosystem services has increased after implementation of the 
Natural Forest Conservation Programme, Sloping Land 
Conversion Programme, and Grain for Green Programme 
(Song et al. 2014). This may also be an outcome of the 
increased number of studies from China over the last decade 
and innovative programmes. 

60 
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Fig. 5.7 Trend in number of publications on ecosystem services in the 
HKH, and number of these that predict/suggest/report a decline, 
increase, or stable state of ES 
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Fig. 5.8 Percentage of publications (1977-2016) and trends predicted 
in ecosystem services value in the HKH by country 
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Fig. 5.9 Percentage of publications on different categories of ecosys¬ 
tem services in the HKH 

Most of the studies have assessed the benefits people are 
deriving directly from the natural ecosystems in terms of 
freshwater, fuel wood, fodder, non-timber forest products 
(NTFPs), and hydropower. The Himalaya are known as a 
water tower, contributing immensely to the freshwater needs 
of the region (Schild 2008; Molden et al. 2014a). Water 
conservation is the most studied ecosystem service; very few 
publications have focused on the governance and manage¬ 
ment of the services in the region (Fig. 5.9). 

The overall trend in the provision of ecosystem services 
increased in recreational value and related activities in the 
region as most of the areas have become accessible to the 
visitors. The recreational value is one of the major sources of 
income for livelihood activities in the area (Nepal 1997; 
Maharana et al. 2000; Badola et al. 2010). Both NTFPs and 
water conservation show a stable trend, while biodiversity 
value and overall ecosystem services show a declining trend 
(Fig. 5.10). One of the relatively understudied aspects is the 
role of Himalayan ecosystems in health security (Xu et al. 
2008; Sarkar 2011). This is important in view of the climate 
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services theme in the HKH 


change-induced expansion of vector-bome diseases, as 
pathogens take advantage of new habitats at elevations that 
were formerly unsuitable, and diarrheal diseases result from 
changes in freshwater quality and availability (Ebi et al. 
2007; Dangi et al. 2017). 

A review of the studies revealed that most focused on a 
limited topic and lacked a holistic view that would aid better 
understanding of upstream-downstream linkages; thus they 
are of limited significance for policy decisions. Large scale 
studies looking at catchment and basin scales have mainly 
emerged from the fields of hydrology and geology. An 
understanding of hydrological dynamics is crucial for sus¬ 
tainable planning and management of water resources in the 
HKH. However, the lack of hydro-meteorological data in the 
region, especially for high elevation areas, hinders the pro¬ 
cess of understanding the system dynamics (Nepal et al. 
2014a, b). A huge difference also exists between basins in 
the extent to which climate change is predicted to affect 
water availability and food security (Immerzeel et al. 2010). 
The issue of scale is very important for such assessments. 
Different issues are relevant at different scales, and the nature 
of the impacts varies as the scale changes. 

The scenarios for the economic values of terrestrial 
ecosystems services in the HKH countries (Kubiszewski 
et al. 2016) show a discouraging trend (Table 5.4). The data 
analysis revealed a 34% decrease in the value under the 
Fortress World (FW) scenario compared to the 2011 baseline, 
and a 28% decrease in the Market Forces (MF) scenario; 
Policy Reform (PR) could reduce the trend to -3%. At the 
country level, Afghanistan showed the greatest losses in 
ecosystem services value under both the FW and MF 


Table 5.4 Terrestrial values for the ecosystem services in the HKH countries in 2011 (as base) and percentage change estimated under each of 
four future scenarios till 2050 


Country 

GDP.PPP 

(million 

USD) 

ESV 

(million 

USD/yr) 

SI-MF 

(million 

USD/yr) 

MF % 
change 
from 2011 

(%) 

S2-FW 

(million 

USD/yr) 

FW % 
change 
from 2011 

(%) 

S3-PR 

(million 

USD/yr) 

PR % 
change 
from 2011 

(%) 

S4-GT 

(million 

USD/yr) 

GT % 
change 
from 2011 

(%) 

Afghanistan 

49,338 

198,662 

56,919 

-71 

45,434 

-77 

178,554 

-10 

271,418 

37 

Bangladesh 

395,684 

145,974 

107,655 

-26 

69,847 

-52 

146,427 

0 

175,642 

20 

Bhutan 

5,040 

14,862 

13,255 

-11 

11,766 

-21 

14,936 

0 

17,804 

20 

China 

13,810,256 

3,586,924 

2,596,138 

-28 

2,314,370 

-35 

3,494,582 

-3 

4,524,762 

26 

India 

5,845,362 

1,825,052 

1,562,620 

-14 

1,357,683 

-20 

1,833,906 

0 

2,203,965 

21 

Myanmar 

51,920 

369,447 

305,517 

-17 

261,775 

-29 

370,543 

0 

443,431 

20 

Nepal 

55,504 

62,749 

54,994 

-12 

48,631 

-22 

63,655 

1 

75,404 

20 

Pakistan 

750,693 

294,519 

157,302 

-47 

137,519 

-53 

264,412 

-10 

413,554 

40 

Total 

20,963,797 

6,498,189 

4,854,400 

-28 

4,247,025 

-39 

6,367,015 

-0.3 

8,125,980 

26 


Source Kubiszewski et al. (2016) 

GDP.PPP = gross domestic product, purchasing power parity; ESV = ecosystem services value; Future scenarios: Sl-MF = Market Forces; 
S2-FW = Fortress World; S3-PR = Policy Reform; S4-GT = Great Transition 
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scenarios (77% and 71%, respectively), followed by Ban¬ 
gladesh and China. Under the PR scenario, Afghanistan and 
Pakistan showed considerable losses of 10% in ecosystem 
services values. However, these two countries also showed 
the greatest gains under the Great Transitions (GT) scenario 
with a gain of 40% in Pakistan and 37% in Afghanistan. Of 
the eight countries in the region, Bhutan showed the least loss 
in ecosystem services value under MF (11%) and FW (21%), 
a 20% gain under GT, and no change under the PR scenario. 

It is undeniable that Himalayan ecosystems provide cru¬ 
cial and valuable ecosystem services to a large part of 
humanity—more than any other mountain system (Gret- 
Regamey et al. 2012). But the lack of data in the Himalaya is 
hindering understanding of the socio-ecological processes. 
A concerted effort should be made to fill the knowledge gaps 
through more focused and coordinated collection of relevant 
data, especially from the high mountain areas. It is important 
to improve scientific understanding of ecosystem structures 
and functioning and drivers of change as a basis for formu¬ 
lating comprehensive ecosystem management approaches 
and strategies that link to human wellbeing and poverty 
alleviation. Information on the status of human wellbeing and 
its linkages with the condition of natural resources is required 
at the scale where a holistic approach can be taken to address 
the issues. This knowledge would enable informed decision 
making, especially where trade-offs among conservation, 
livelihoods, development, and culture are involved, so that an 
increase in the supply of one service (such as food or fibre) at 
the expense of others (such as clean water and self-regulation 
of pests and diseases) is done with some knowledge of 
spatio-temporal consequences and who would face them. 

5.3.6 Trade-offs and Synergies—Implications 
for Development 

The diverse landscapes of the HKH provide multitudinous 
services that interrelate in a ‘complex dynamic’ manner 
(Birch et al. 2014; Maren et al. 2013; Paudyal et al. 2015). 
Common drivers affecting multiple ecosystem processes and 
the interactions among ecosystem services can result in 
trade-offs and synergies between ecosystem services (Ben¬ 
nett et al. 2009). Trade-offs between ecosystem services arise 
when one service increases at the cost of another (Ziv et al. 
2012), while synergies occur when both services increase or 
decrease in tandem (Bennett et al. 2009; Haase et al. 2012). 
Trade-off analysis is a key issue that must be considered 
when integrating ecosystem services in landscape planning, 
management, and decision making (de Groot et al. 2010), 
particularly when analysing alternate pathways leading to 
sustainable land use in the future (Rounsevell et al. 2012). 
Any ecosystem management practice that fails to take this 
into account when attempting to maximise the production of 


one or more ecosystem services can bring about substantial 
declines in the provision of other ecosystem services (MA 
2005; Bennett et al. 2009). According to the concept of 
Jointness in Production, there are two different causes for 
interactions between ES, namely, biological interdependen¬ 
cies and economic interdependencies (Abler 2004; 
Baumgartner and Quaas 2010). In landscapes where the 
provision of ecosystem services is strongly influenced by 
human activities and vice versa, both these interdependen¬ 
cies are of particular consequence. 

The complexity of interactions among ecosystem services 
is high in managed mountain ecosystem services (Gret- 
Regamey et al. 2008), where marginally or periodically 
productive sites may be relatively more sensitive to climate 
and socioeconomic shifts (Sharma et al. 2009). The hetero¬ 
geneity of topography and other landscape characteristics in 
mountain ecosystems makes spatial dynamics more impor¬ 
tant than temporal, and climate change may influence the 
elements of the ecosystem differently (Shrestha et al. 2012). 
Therefore, when managing trade-offs in the provision of 
mountain ES, the spatial distribution of ES, the trade-off 
dynamics over time, and their interaction with structural 
changes in agriculture and forestry must be accounted for 
(see Box 5.1 and Table 5.5 for examples). 

Box 5.1 Trade-offs: hydropower development 
and ecosystems in the HKH 

Perennial in nature, the Himalayan rivers are regarded 
as important sources of hydropower generation and 
have a cumulative hydropower potential that exceeds 
500 gigawatts (Pandit et al. 2014). Access to energy 
for sustenance, agriculture, industries, and other eco¬ 
nomic activities is critical to the growing population of 
the HKH region. The large number of rivers that flow 
out of this region have the potential to fulfil the energy 
demand and contribute to the wellbeing of the people. 
There are more than 550 hydropower projects in 
existence or under construction in the Bhutanese, 
Indian, Nepalese, and Pakistani Himalayan regions 
(Pandit et al. 2014). However, it is imperative for 
hydropower generation in these fragile ecosystems to 
take into consideration the wide scale impacts that are 
known to be prevalent while altering these natural 
resources. For example, most of the dams and 
hydropower plants located/proposed in the biodiver¬ 
sity rich area of the Indian Himalaya have potential 
impacts that include forest loss, species extinction, 
habitat fragmentation, loss of ecosystems, and loss of 
species diversity (Pandit and Grumbine 2012). Else¬ 
where, constructing dams on rivers is known to change 
downstream ecological processes and set in motion 
complex chain reactions that transform floodplain 
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Table 5.5 A few examples of synergies and trade-offs between ES 


Driver 

Service A 

Service B 

Shared 

driver 

Response 

type 

Interaction 

type 

Synergy or 
trade-off 

Large-scale afforestation and short 
rotation coppice plantations 

Biodiversity 

Biomass production 

Yes 

Opposite 

None 

Trade-off 

Large-scale afforestation and short 
rotation coppice plantations 

Biomass 

production 

Soil organic carbon 

Yes 

Similar 

Unidirectional 

(Positive) 

Synergy 

Substitution of extensively used 
grassland 

Lood 

Biodiversity 

Yes 

Opposite 

None 

Trade-off 

Substitution of farmland with forest 

Carbon 

sequestration 

Protection from 
gravitational hazard 

Yes 

Similar 

None 

Synergy 

Natural forest conversion for exotic 
tree plantations 

Biodiversity 

Carbon storage 

Yes 

Similar 

None 

Synergy 

Natural forest regeneration on 
agricultural and grazing land 

Biodiversity 

Carbon storage 

Yes 

Similar 

None 

Synergy 

Agriculture expansion/Lertilizer use 

Agricultural 

production 

Water quality 

Yes 

Opposite 

None 

Trade-off 

Maintaining forest patches close to 
coffee plantations 

Pollination 

Agricultural 

production 

No 

NA 

Unidirectional 

(Positive) 

Synergy 

Trail building 

Cultural 

tourism 

Agricultural 

production 

No 

NA 

None 

None 

Afforestation 

Carbon 

sequestration 

Water quantity 

Yes 

Opposite 

Unidirectional 

(Negative) 

Trade-off 


Source Bennett et al. (2009) 
NA = data not available 


vegetation dynamics (Wieringa and Morton 1996). 
With impacts ranging from changes in river geomor¬ 
phology and hydrology (Brandt 2000) to impairment 
of the ecological integrity of rivers through the extir¬ 
pation of species and loss of ecosystem services 
(Richter et al. 2003), river regulation is the most 
substantial and widespread anthropogenic effect on 
riverine ecosystems (Pandit and Grumbine 2012). 


5.4 Conservation and Management Practices 

In recent decades, the HKH has witnessed significant con¬ 
ceptual development in biodiversity conservation, from 
‘people exclusionary’ and ‘species-focused’ to 
‘people-centred community-based’ approaches. The United 
Nations Conference on Environment and Development 
(UNCED) in 1992 placed a premium on people’s partici¬ 
pation and promotion of this conceptual shift in both natural 
resources management and biodiversity conservation (UN 
1992). In response, participatory approaches evolved as the 
accepted means in various sectors in the HKH (Sharma et al. 
2010). The classical approach of biodiversity conservation, 
which started with an emphasis on the conservation of 
flagship species (Yonzon 1989; Wikramanayake et al. 1998), 


evolved to landscape level conservation, with the under¬ 
standing that ‘conservation and management of biodiversity 
are impossible without people’s participation’ (Chettri et al. 
2010; Zomer and Oli 2011; Bajracharya et al. 2015). Since 
the 1980s, de-centralization and devolution of authority for 
biodiversity conservation have been evident in governments’ 
efforts across the HKH (Desai et al. 2011; Sharma et al. 
2010; Sunam et al. 2015). During the process, it was realised 
that biodiversity management by local people is more 
effective when the utility value and benefit to communities is 
evident (see Gurung and Seeland 2008). After the late 1990s, 
conservation approaches in the HKH took on a new 
dimension with the concept of linking the existing protected 
areas with biological corridors (Sherpa and Norbu 1999). 
This approach, while addressing the biophysical advantages 
of corridors for migration and habitat contiguity, also sup¬ 
ports species refugia for restoration, and shifting of species 
and habitat types in response to environmental pressures 
such as climate change. Subsequently, the concept of 
landscape-level conservation approaches evolved in the 
region, generally adopting the ecosystem approach advo¬ 
cated by the Convention on Biological Diversity (CBD) (see 
Sharma et al. 2010). These evolutions comprised both ex situ 
and in situ approaches. In addition, inclusion of traditional 
ecological knowledge, belief, and culture also contributed 
substantially in addressing the conservation goal. 






















5 Sustaining Biodiversity and Ecosystem Services ... 


145 


5.4.1 Flagship and Keystone Species 
Conservation 

As a result of its ecosystem diversity, the HKH is one of the 
most biodiverse areas in the world with the highest number 
of species and endemism (Myers et al. 2000; Mittermeier 
et al. 2004). Large mammal in situ conservation has a long 
history. It has been practised since 1950 with species like the 
greater one-horned rhinoceros ( Rhinoceros unicornis ), Asian 
elephant (. Elephas maximus ), and Bengal tiger {Panthera 
tigris tigris) in the tropical lowlands, red panda {Ailurus 
fulgens) and Asian black bear {Ursus tibetanus ) in the 
temperate region, and snow leopard {Panthera uncia) and 
Himalayan musk deer (. Moschus leucogaster) in the alpine 
region. The status of many of these species is facing addi¬ 
tional challenges (see Table 5.6). Despite tireless efforts 
towards conservation, the majority of species are being dri¬ 
ven towards extinction. The exceptions are Tibetan antelope 
or chiru (Pantholops hodgsonii) and the giant panda (Ail- 
uropoda melanoleuca ), which were removed from the 
endangered species list by the International Union for Con¬ 
servation of Nature (IUCN) in 2016. 

Some of the iconic species in the HKH have been 
researched more than others (Kandel et al. 2016). Under¬ 
standing of the ecology of the greater one-horned rhinoceros 
has considerably improved (Dinerstein and Price 1991; 
Pradhan et al. 2008); the population is either stable or has 
increased in its present range countries (Thapa et al. 2013). 
However, the historical range that extended along the 
floodplains of the Ganges, Brahmaputra, and Sindh Rivers 
from Pakistan to the Indo-Burma border (Amin et al. 2006) 
is now restricted to nine populations in protected areas 
(PAs) in India and Nepal (Menon 1966). With the exception 
of the populations in Chitwan National Park in Nepal and 
Kaziranga National Park and Jaldapara Wildlife Sanctuary in 
India, the populations each number less than 150 individuals. 
Notably, Nepal has made significant progress in reversing 
the decreasing trend of rhinoceros (Fig. 5.11) and has also 
celebrated three consecutive years of zero poaching 
(Acharya 2015). Likewise, periodic status reports from the 
snow leopard home range countries have added to the lim¬ 
ited knowledge about this elusive species (Karmacharya 
et al. 2011; Ale et al. 2014; Alexander et al. 2016). New 
dimension of species range with sub-species was recently 
added for now leopard (Janecka et al. 2017). However, 
analysis of the impact of climate change on the range of 
snow leopards predicts a contraction in suitable habitat and a 
fragmentation of distribution—both of which could cause a 
significant contraction in the range of the species (Forrest 
et al. 2012; Li et al. 2016). Red panda is another flagship 
species in the temperate forest, confined to three global 
biodiversity hotspots—Himalaya, Indo-Burma, and the 
mountains of southwest China (Kandel et al. 2015). 


Although it is one of the most researched species in the 
Eastern Himalaya (Kandel et al. 2016), very little is known 
about its ecology and distribution (Yonzon 1989; Wei et al. 
1999; Choudhary 2001; Pradhan et al. 2001; Groves 2011; 
Dorji et al. 2012). Red panda has been sighted in five of the 
eight HKH countries (Bhutan, China, India, Nepal, and 
Myanmar), and has an estimated habitat area 32,600 km 2 
within the region (Kandel et al. 2015). However, unlike 
snow leopard, tiger, and rhinoceros, the red panda has yet to 
receive global attention for conservation. 

5.4.2 Protected Areas Management 

The HKH has made significant progress in the establishment 
of PAs in recent decades (Chettri et al. 2008). As of 2007, 
there were 488 PAs (IUCN category I-VI) within the HKH, 
covering more than 1.6 million km 2 or about 39% of the 
region’s terrestrial area (Table 5.7), with significant growth 
witnessed over the last three decades (Fig. 5.12). 
Although PA coverage has been identified as a key indicator 
for assessing progress in reaching the Aichi targets (Secre¬ 
tariat of CBD 2014), many scholars have pointed out that the 
percentage of area protected in a given country or biome is 
not a strong indicator of actual conservation needs or effec¬ 
tive action (Oli et al. 2013). In particular, this indicator 
overlooks the fact that biodiversity is unevenly distributed 
across the region. For example, the Brahmaputra Basin in the 
Eastern Himalaya is significant for both aquatic and terrestrial 
biodiversity with a high level of endemic species and high 
proportion of rare, endangered, and threatened species com¬ 
pared to the western Himalaya (see Allen et al. 2010). More 
significant, perhaps, is the fact that actual implementation of 
conservation measures within PAs varies greatly across the 
region. In Myanmar, for example, human-induced pressure 
and lack of financial and skilled human resources are 
impinging on the effective management of PAs (Rao et al. 
2002). Bawa (2006) also points out that local challenges, 
such as a lack of economic opportunities, interdisciplinarity 
in conservation actions, institutional development, skilled 
human resources, and large-scale conservation approaches 
hinder conservation. In spite of these challenges, half of the 
HKH countries—Bhutan, China, Nepal, and Pakistan—have 
either reached, crossed, or are heading towards the global 
target of 17% area covered by PAs by 2020 (see Table 5.7). 

5.4.3 Conservation Through Traditional 
Knowledge 

Management of resources to sustain the flow of ecosystem 
services was, and still is, widely practised by many com¬ 
munities in the Himalaya as part of their traditional 



Table 5.6 Current population trends of key mammal species in the HKH (1996 and 2016) 
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Fig. 5.11 Population of the greater one-homed rhinoceros in Nepal 
from 1950 to 2015 (Source Acharya 2015) 


Table 5.7 Number and area of PAs in the HKH (as of 2007) 


Country 

Number 
of PAs 

PA 

coverage 

(km 2 ) 

% of PA 

coverage 
with respect 
to country 

% of PA 
coverage with 
respect to total 
area of HKH 

Afghanistan 

6 

2,461 

0.44 

0.06 

Bangladesh 

5 

632 

1.70 

0.01 

Bhutan 

10 

16,396 

42.71 

0.38 

China 

221 

1,522,172 

15.15 

35.50 

India 

135 

62,417 

8.99 

1.46 

Myanmar 

16 

23,967 

5.32 

0.56 

Nepal a 

20 

34,357 

23.34 

0.80 

Pakistan 

76 

18,721 

11.85 

0.44 

Total 

489 

1,681,123 

NA 

39.21 


Sources Sharma et al. (2010); a CBS (2014) 


10 , 000,000 
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Fig. 5.12 Trend (log value) in number and coverage of protected areas 
in the HKH from 1918 to 2007 (Chettri et al. 2008) 


ecological knowledge system (Dudley et al. 2009; Singh 
et al. 2011). The blending of cultural, religious, and tradi¬ 
tional knowledge systems has contributed substantially to 


the overall goal of conservation of species, ecosystems, and 
genetic diversity (Salick et al. 2007; Anthwal et al. 2010). 
There are numerous plants, animals, and ecosystems (forests, 
ponds, rivers, mountain peaks) across the region which have 
been conserved effectively through traditional practices. For 
example, there are numerous examples in the Himalayas of 
conservation of sacred groves maintaining significantly 
higher diversity compared to other areas (Khumbongmayum 
et al. 2005; Arora 2006). Traditional conservation practices 
are also regulated by customary laws through participatory 
decision-making processes. This is evident, for example, in 
the grazing and other resource management practices regu¬ 
lated through Dzumsa in North Sikkim (Acharya and 
Sharma 2012), and in the northern part of Humla District, 
Nepal, in the Kailash Sacred Landscape (Zomer and Oli 
2011; Basnet and Chaudhary 2017). Such practices focus on 
management of ecosystems (Anderson et al. 2005), species 
(Mehra et al. 2014), or resource use patterns (Acharya and 
Sharma 2012). Many of these practices are categorised as 
community-conserved areas (CCA) or key biodiversity areas 
(KB A) and are being mainstreamed in national conservation 
practices. These CCAs and KB As are increasing the focus of 
conservation interventions outside formal PA systems. 

Religious and cultural beliefs related to natural resources 
have also played an important role in the conservation of the 
resources in the Himalaya, with the use and exploitation of 
certain plant and animal species prohibited in many areas 
(Negi 2005). For example, some of the forests in Garhwal and 
Kumaon in Uttarakhand, such as the Hariyali Sacred Land¬ 
scape and Haat Kali Sacred Grove, cannot be used by anyone 
because they are dedicated to a deity and the forests and 
streams originating from them are considered sacred (Negi 
2005; Sinha and Mishra 2015). In Chhyangru village in Byas 
Village Development Committee in the Api Nampa Conser¬ 
vation Area, Nepal, people decided to establish a temple in the 
forest called ‘Shyanchho’ to prevent further deforestation and 
degradation and conserve the forest as sacred forest (Chaud¬ 
hary et al. 2017). Buddhist beliefs have been influential in 
conserving natural landscapes as ecocultural landscapes, 
including high elevation lakes and their basins in Ladakh and 
Sikkim (Maharana et al. 2000; Chandola 2012). In China, 
there are a few examples where cultural diversity manifested 
in social and cultural values of natural resources has played an 
important role in conservation (Anderson et al. 2005 ; Brandt 
et al. 2013a). Similarly, the Apatani ecocultural landscape in 
Arunachal Pradesh is protected by a mix of social and reli¬ 
gious institutions which make use of traditional ecological 
knowledge in sustainable resource management. Hence, there 
is a growing recognition of a form of environmental gover¬ 
nance that acknowledges the role of local communities and 
their traditional practices to restrain unrelenting forest 
degeneration while ensuring ecological and economic benefits 
for the community (Paul and Chakrabarti 2011; MoAF 2014). 
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Table 5.8 Landscape initiatives in the HKH 


Landscape initiative 

Geographical coverage 

Main themes 

Source 

Bhutan biological 

conservation 

complex 

Bhutan 

Protected areas and conservation corridors 

Sherpa and 

Norbu (1999), 
NCD (2004) 

Everest complex 

China and Nepal 

Regional cooperation, information sharing, and 
developing decision-making tools 

Sherpa et al. 
(2003), 
Bajracharya 
et al. (2010) 

Terai arc landscape 

Nepal and India 

Community-based conservation in protected areas 
and conservation corridors 

Gurung 

(2004b), 

MoFSC 

(2015a) 

Kangchenjunga 

landscape 

Eastern Nepal, Sikkim and north Bengal in 
India, and western Bhutan 

Conservation and development in protected areas 
and conservation corridors 

Sharma and 
Chettri (2005) 

Kailash sacred 
landscape 

Western Nepal, Uttarakhand in India, and 
Tibet autonomous region in China 

Conservation and development around sacred sites 
and in protected areas 

Zomer and Oli 
(2011) 

Far-Eastern 

himalaya 

Arunachal Pradesh in India, Kachin State 
in Myanmar, and Yunnan in China 

Conservation and development in biodiversity 
hotspots 

Guangwei 
(2002), Shakya 
et al. (2011) 

Karakoram pamir 

Afghanistan, China, Pakistan, and 

Tajikistan 

Conservation and development in arid ecosystems 

Ning et al. 

(2014) 

Chitwan-Annapuma 

landscape 

Nepal from Chitwan national park in the 
south to Manaslu, Langtang, and 

Annapurna in the north covering 19 
districts 

Conservation and development in the Gandaki 
river basin from tropical lowland Terai to alpine 
high mountain and cold and dry trans-Himalaya 

MoFSC 

(2015b) 

Sacred himalayan 
landscape, Nepal 

Koshi basin covering Langtang national 
park to Makalu Barun national park 

Protected area management, river basin 
management, community forest and cultural 
conservation 

MoFSC (2016) 

Western mountain 
landscape 

Fourteen mountain districts in the 
Mid-western and Far-westem development 
regions in Nepal 

Chure, mid-mountains, high-mountains, protected 
area management, community forest, protection 
forest, Kamali, Bheri and Seti river basin 

MoFSC (2017) 


Adapted and modified from Chettri and Sharma (2016) 


5.4.4 The Landscape Approach—Recognizing 
Complexity and Understanding Linkages 

Landscape-level biodiversity conservation is an evolving 
concept in the HKH. The concept has emerged primarily out of 
recognition that strict protection through a network of PAs 
(national parks, sanctuaries, wildlife reserves, and others) is an 
essential but insufficient strategy for biodiversity conservation 
(Wikramanayake et al. 2004). Now, the focus has shifted from 
preserving isolated patches of sustained wilderness in the form 
of PAs to maintaining landscape integrity (Chettri et al. 2008; 
Wikramanayake et al. 2011) and seeing—and conserving— 
ecosystems as part of larger agro-ecological and sociocultural 
landscape (Zomer and Oli 2011). These efforts, including 
protection through policy and practices, have resulted in an 


increase in population of many wildlife species (Acharya 
2015). The transboundary landscape approach is also gaining 
prominence in many areas in the search for solutions to rec¬ 
oncile conservation and development trade-offs (see Sharma 
et al. 2007b; Zomer and Oli 2011). In addition, the approach 
is addressing the need for regional cooperation, knowledge 
and information sharing, and opportunities for cross-learning 
and capacity building from best practices. There are a number 
of landscape-level initiatives for biodiversity conservation in 
the HKH at different development levels (Table 5.8). The 
majority of these initiatives have looked at ways of reconciling 
conservation with development with a focus on community 
wellbeing. However, differences in conservation policies and 
practices have led to differences in reaching conservation 
goals (see Box 5.2). 
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Box 5.2 Results of diverse policies and practices 

The Kangchenjunga Landscape, a transboundary 
complex shared by Bhutan, India, and Nepal, has 19 
protected areas (see ICIMOD, WCD, GBPNIHESD, 
RECAST 2017), 17 in India and one each in Bhutan 
and Nepal. Nine are transboundary in nature, with 
differences in their protected category on different 
sides of the border. They include the Kangchenjunga 
Conservation Area in Nepal which is contiguous with 
the Khangchendzonga National Park and Biosphere 
Reserve in India; the Buxa Tiger Reserve in India 
which is connected to unreserved areas in Bhutan; the 
Jigme Khesar Strict Nature Reserve in Bhutan which 
is connected to Neora Valley National Park and Pan- 
golakha Wildlife Sanctuary in India; and the Sing- 
halila National Park in India which is contiguous with 
unreserved areas in eastern Nepal. These variations in 
protected area management systems have led to vari¬ 
ations in effectiveness in terms of performance and 
reaching conservation goals (Oli et al. 2013). 


5.4.5 Participatory Forest Resources 
Management Practices 

The rapid depletion and degradation of forest resources in the 
last few decades has resulted in a serious threat to rural liveli¬ 
hoods and environmental sustainability in the HKH. Increasing 
awareness of the critical situation amongst all actors has led 
governments to endorse a set of new forest policies and legal 
frameworks over the last 15-20 years that have enabled forest 
management practices to flourish. Different types of manage¬ 
ment system have been introduced—community forestry 
(CF) and leasehold forestry (LHF) in Nepal, joint forest man¬ 
agement (JEM) in India, community-based natural resources 
management (CBNRM) and an integrated conservation and 
development programme (ICDP) in Bhutan, and others—but in 


all the main objective was to address the issue of degrading 
forest resources through decentralized governance systems. 
Bangladesh, Bhutan, India, and Nepal, in particular, have shif¬ 
ted their forestry policies from highly centralized approaches to 
a participatory type of forest management. 

Participatory forest management (PFM) began in Ban¬ 
gladesh in the early 1980s under the banner of social forestry 
(SF). By 2005, more than 40,000 ha of forestland were 
under SF, which has now become an integral part of the 
country’s forest management (Chowdhury and Koike 2010). 
In Bhutan, CBNRM, which includes SF and CF, was initi¬ 
ated in the early 1980s. The Ninth Five Year Plan (2002- 
2007) emphasized PFM as a primary driver of forest man¬ 
agement; the number of community forest management 
groups increased from 31 in 2006 to 677 in 2016, benefiting 
28,311 households (Rasul et al. 2011b; MoAF 2016). JFM 
in India brought an important breakthrough in the relation¬ 
ship between the Forest Department and the community, and 
is now the primary driver of forest management in India, 
spreading over 28 states and covering 21.44 million ha of 
forest (Mukerji 2006). The ecodevelopment projects of the 
Great Himalayan National Park, Nanda Devi Biosphere 
Reserve, Hemis National Park, and Rajaji National Park in 
the Indian Himalaya are among the best examples (Badola 
et al. 2014). CF was introduced in Nepal in the late 1970s; 
now, 18,500 community forest user groups are managing 
more than 1 million ha of forest, accounting for about 
one-third of total forest area (MoFSC 2015a). In China, the 
Collective Forest Reform implemented in 2004 has given 
complete rights to local farmers to manage forestlands (Xu 
et al. 2010). Pakistan formulated the National Forest Policy 
(MoCC 2015) to expand, protect, and promote sustainable 
use of forests, protected areas, natural habitats, and water¬ 
sheds in order to restore their ecological functions and 
improve livelihoods and human health, in line with the 
national priorities and international agreements. The 
forest-rich areas of North West Frontier Province (now 
Khyber Pakhtunkhwa) in Pakistan saw an improvement in 
natural and financial capital for local people with the 


Table 5.9 Community-based forest resource management practices and their coverage in the HKH 


Country 

Terms used to denote participatory forest management 

% forest in total 
area of country 

Area of community forestry 

million ha 

% of country’s forest area 

Afghanistan 

Community-based forest management 

2.0 

NA 

0.0 

Bangladesh 

Social forestry 

17.5 

NA 

0.0 

Bhutan 

Community based natural resources management 

70.4 

0.07 

2.5 

China 

Community-owned forests or collective forestlands 

NA 

NA 

58.0 

India 

Joint forest management 

3 

21.0 

28.5 

Myanmar 

Community forestry 

21.1 

NA 

NA 

Nepal 

Community forestry 

44.7 

1.79 

30.3 

Pakistan 

Community-based forest management of Guzara forests 

NA 

0.8 

20.0 


NA = data not available 
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Forestry Sector Project that institutionalized participatory 
forest management in the area (Ali et al. 2007). 

The outcomes of these participatory and community-based 
approaches have largely had positive ecological, economic, and 
social impacts. Ecologically, regeneration of substantial areas of 
degraded forests has improved and there has been a visible 
impact in reversing the trend towards deforestation and forest 
degradation (Gumng et al. 2013). Socially, they have given 
institutional space for local communities to make their own 
decisions on a range of issues related to forests, income, 
inclusion, social justice, and so on. Economically, they have 
contributed to the economic opportunities available to local mral 
people (Xu et al. 2010; Birch et al. 2014). Bhutan, China, India, 
and Nepal have made good progress and Myanmar is trying 
hard to move, whereas Afghanistan, Bangladesh, and Pakistan 
have yet to make progress to achieve a visible impact from 
community forestry (Table 5.9). However, some of the 
approaches have limitations and shortcomings, such as elite 
capture, social disparity, inequitable benefit-sharing, and 
exclusion of poor and marginalized groups (Gumng et al. 2013). 
Special attention is needed to make participatory forestry 
inclusive with equitable benefit-sharing and a pro-poor focus. 

5.4.6 National and International Policies 
and Legislations—Support 
for Biodiversity Conservation 

The HKH has witnessed a significant paradigm shift for bio¬ 
diversity conservation during the last few decades. The alarming 
forest condition of the Himalaya (Ives and Messerli 1989; 
Pandit et al. 2007), increasing human population and overex¬ 
ploitation of biodiversity (Sandhu and Sandhu 2014; Chettri and 
Sharma 2016), and the increasingly changing alpine meadow of 
the Tibetan Plateau (Klein et al. 2004; Luo et al. 2010) have 
highlighted numerous conservation and management challenges 
for biodiversity conservation in the region (see Sharma et al. 
2009; Shrestha et al. 2012). However, with adaptive manage¬ 
ment and appropriate policies, the perception of conservation 
has changed significantly over the pre- and post-1992 periods 
(see Fig. 5.9). Since the new thinking in conservation and 
environmental management began in 1972 at the Stockholm 
conference, a number of key influential global developments 
have taken place. The Convention on Biological Diversity of 
1992 (UN 1992) was an important milestone in the history of 
biodiversity conservation. Although a number of conventions 
were already in place before 1992 (such as the Ramsar Con¬ 
vention, World Heritage Convention, Convention on Interna¬ 
tional Trade in Endangered Species of Wild Fauna and Flora, 
International Treaty on Plant Genetic Resources, and others), 
the CBD was instmmental in focusing on conservation and 
sustainable use of biodiversity (see Fig. 5.13). 


The founding of the International Geosphere-Biosphere Pro¬ 
gramme and Millennium Development Goal agendas during 
1992-2000 brought additional support. The perspective of bio¬ 
diversity conservation totally changed when the Millennium 
Ecosystem Assessment (MA) processes advanced and the CBD 
initiated supporting programmes on PAs and mountain biodiver¬ 
sity during 2001-2010. With advancement of the MA, global 
communities accepted more strongly the concept of ecosystem 
services as a means of rationalizing the significance of biodiversity 
to human wellbeing, and the Intergovernmental Science-Policy 
Platform on Biodiversity and Ecosystem Services (IPBES) was 
established. Progressive change continued in the global arena with 
the 2020 Aichi targets in 2010 and Sustainable Development 
Goals and UNFCCC Paris Agreement in 2015 (Fig. 5.13). 

In the HKH, several policies were formulated and practised 
before 1992, beginning with the Forest Act 1927, which is still 
instmmental in India and Pakistan. This was followed by the 
Wildlife Protection Act of 1972 in India and the Islamabad 
Wildlife (Protection, Preservation, Conservation, and Manage¬ 
ment) Ordinance 1979 in Pakistan. In Nepal, the National Parks 
and Wildlife Conservation Act of 1973 was the pioneering legal 
instrument, while the first formal conservation instrument in 
China was the law on the Protection of Wildlife 1988. Since 
1999, China has been addressing deforestation progressively 
with the ‘Green for Gram’ policy and practices, with com¬ 
mendable success (Box 5.3). The first national policy for Bhutan 
was the forest policy formulated in 1974; which was followed by 
the Forest and Nature Conservation Act 1995, which dedicates 
two chapters to biodiversity conservation, with several sections 
on PAs and conservation of wildlife. 

Box 5.3 Grain for green 

The Grain-for-Green policy, the largest land 
reforestation/afforestation program in China, was 
launched in 1999 to mitigate land degradation by 
returning steeply sloping cultivated land to forest or 
grassland. Although the initiative showed variations, it 
has contributed significantly leading to a doubling of 
forest cover and increased carbon sequestration (Chen 
et al. 2015b). The value of nutrient cycling, regulating 
gases, organic material provision, and soil conserva¬ 
tion increased by 64, 39, 40, and 18%, respectively 
(Song et al. 2015). The initiative is expected to 
sequester 110.45 Tg C by 2020, and 524.36 Tg C by 
the end of the century, with economic benefits ranging 
from USD 8.84-44.20 billion between 2000 and 2100, 
which may exceed the current total investment (USD 
38.99 billion) on the program (Liu et al. 2014). The 
results indicate that a large-scale initiative with policy 
support can bring significant change towards 
addressing climate change. 
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Fig. 5 .13 Development of modem biodiversity conservation at the international level and its impact on conservation policies and laws of HKH countries 
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Many of the earlier versions of policies and laws prohibit 
human influences on an ecosystem once the area has been 
declared as a national park or wetland of international 
importance. Even areas outside PAs may be under forest or 
wetland law in which usufruct rights were denied to the local 
communities. As a result, the degradation of Himalayan 
ecosystem was strongly predicted during this time (Ives and 
Messerli 1989). To address Himalayan degradation and 
other conservation issues, from 1992, the policies and leg¬ 
islation in the Himalayan countries were amended and 
improved several times and new laws for local resources 
management were promulgated, mainly driven by the global 
development and establishment of numerous conventions, 
including the CBD. The Panchayat (Extension to Scheduled 
Areas) Act 1996 and Biological Diversity Act 2002 in India, 
and the Conservation Area Rules 1996, National Parks and 
Wildlife Conservation Act (1972) and its amendment 
(1993), Forest Act (1993), Forest Policy (2015), and Buffer 
Zone Management Regulation 1996 in Nepal are good 
examples of policy changes towards conservation. Each case 
represented, in several fundamental ways, a devolution of 
control from government authorities to local communities— 
a major shift. As an adaptive social process, these moves 
strived to create sufficient future forest opportunity to satisfy 
potentially competitive/conflicting interests that would 
diminish the forest if left unresolved (Singh et al. 2010). The 
change has been further boosted by the declaration of the 
National Mission for Green India targeting the afforestation 
of 6 million hectares of degraded forest lands and expanding 
forest cover from 23 to 33% of India’s territory through 
people’s involvement, and enlarging the landscape under 
conservation (Gol 2008). The development of modern bio¬ 
diversity conservation at the international level and its 
impact on the conservation policies and laws of HKH 
countries (Fig. 5.13) has brought about a new paradigm in 
conservation and sustaining ecosystem services in the HKH. 


5.5 Sustaining Ecosystems—Challenges, 
Opportunities, and Strategies 

The local communities in the HKH face uncertainties and 
challenges as they strive to use, nurture, and sustain the 
diverse ecosystems at landscape scale where they live and on 
which they depend. The most powerful contemporary forces 
that influence both biological and cultural diversity and 
livelihoods include government policies, expansion of regio¬ 
nal and global markets, and climate change, among others. 
Some of these forces are positive, others are not (Xu and 
Grumbine 2014a). With increasing awareness of upstream 
and downstream linkages, biodiversity and ecosystem ser¬ 
vices have been recognized for their ecological, sociocultural, 


and economic values (Rasul 2014). While acknowledging that 
some indigenous communities are more resilient than others, 
the knowledge, innovations, and practices of local groups can 
be strengthened with appropriate assistance from partnerships 
with governments, non-governmental organizations, and the 
commercial sector to ensure equitable access and sustainable 
management of natural resources. These partnerships must be 
based on participatory processes, intercultural dialogues, and 
co-designing and co-production of hybrid knowledge among 
different stakeholders (Xu and Grumbine 2014b). They are 
also an important instrument for ecological restoration and 
poverty alleviation, especially in the upstream headwater 
areas (Gret-Regamey et al. 2012; Sandhu and Sandhu 2014; 
Bawa and Seidler 2015; Feng et al. 2016). There are examples 
where increasing financial investment is being made for 
conservation and restoration of ecosystems. China has laun¬ 
ched the Natural Forest Conservation Program (NFCP) and 
Sloping Fand Conversion Program (SFCP), the largest pay¬ 
ment for ecosystem service programs in human history 
(Uchida et al. 2005; Chen et al. 2015b). The cumulative total 
investment through the NFCP and SFCP exceeds USD 50 
billion, and the SFCP alone benefits more than 120 million 
farmers in 32 million households (Ouyang et al. 2016). 
Ecosystem sustainability has been increasingly integrated into 
environmental, biodiversity conservation, and sustainable 
development agendas (Maselli 2012; Secretariat of CBD 
2014; Diaz et al. 2015). The current trends of environmental 
degradation and the effects of projected climate change in the 
region necessitate the inclusion of local knowledge and 
institutions into environment management and conservation 
practices driven by cutting edge science. 

This global natural capital and the Himalayan ‘water 
tower’ have been facing multiple drivers of change (see 
Chettri and Sharma 2016; Chap. 2). Traditional drivers such 
as deforestation, habitat loss, habitat degradation and frag¬ 
mentation, overharvesting of biological resources, illegal 
hunting and poaching, monoculture plantation, agricultural 
intensification and loss of genetic resources, shifting culti¬ 
vation with insufficient fallow period, human-wildlife con¬ 
flict and livestock and crop depredation, invasive alien 
species, and atmospheric pollution are often recognized as 
having an adverse impact on conservation and sustainable 
use of biodiversity and ecosystem services (Aryal and Ker- 
khofif 2008; Zomer and Oli 2011; Chettri and Sharma 2016; 
ICIMOD, WCD, GBPNIHESD, RECAST 2017). However, 
the effects of indirect drivers related to socioeconomic and 
sociocultural factors, urbanization, poverty, and poor gov¬ 
ernance and weak institutional frameworks are poorly 
understood and managed. The HKH has become a centre of 
rapid and unplanned development through mining opera¬ 
tions, urbanization, haphazard construction of dams for 
hydropower, and poorly planned and constructed roads 
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resulting in changes in this vulnerable and fragile region 
(Pandit and Grumbine 2012; Pandit et al. 2014). Though at 
varied scales, forest degradation has been continuous across 
the HKH except Bhutan (Pandit et al. 2007; Uddin et al. 
2015; Chakraborty et al. 2016). The impacts of climate 
change add to the severity of the problems in the area and 
have been prominently featured as one of the drivers (Xu 
et al. 2009a; Shrestha et al. 2012), and alien and invasive 
species have visibly altered the overall composition of the 
ecological variables (Kohli et al. 2004; Bhattarai et al. 2014). 
The direction and trends predicted for climate change and 
bioclimatic conditions generally indicate accelerated change 
and major disruption for the region (Shrestha et al. 2012). 
Rising temperatures, changes in precipitation patterns, and 
reduction in the volume of glaciers (Xu et al. 2009a; Panday 
et al. 2014) create a host of cascading effects and will have a 
major impact on ecosystems, biodiversity, and livelihoods 
throughout the region (Immerzeel et al. 2013; Zomer et al. 
2014, 2015, 2016). The changes have resulted in a decrease 
in the resilience capacity of the natural systems which is 
impacting human wellbeing. 

There is increasing evidence of the impacts of climate 
change on biodiversity and ecosystems. Instances of changes 
in phenology (Ranjitkar et al. 2013; Hart et al. 2014) and 
shifts of species towards higher elevation (Valley 2003; Joshi 
et al. 2012; Brandt et al. 2013b; Telwala et al. 2013) have 
been reported. Such changes are likely to be profound with 
extraordinary levels of biotic perturbation (Shrestha et al. 
2012). Overall, the ability of species to respond to climate 
change will largely depend on their ability to ‘track’ the 
shifting climate by colonizing new territory or to modify their 
physiology and seasonal behaviour (such as periods of flow¬ 
ering or mating) to adapt to the changed conditions (Thuiller 
et al. 2008). The efficiency of species’ responses under cli¬ 
mate change is likely to be highly idiosyncratic and difficult to 
predict (La Sorte and Jetz 2010). The heterogeneity of the 
mountain terrain provides both biological refugia and natural 
dispersal corridors, but can also present a variety of chal¬ 
lenges to the migration of species. Niches for shifting 
mountain species along elevational gradients decrease in size 
with increasing elevation, or disappear at the mountains’ top 
(Komer 2007). Likewise, rapid changes in seasonal varia¬ 
tions, such as the timing and length of the growing season, or 
warmer winter temperatures, perturb ecosystem functioning, 
disrupting finely tuned pollinator interactions (as when cycles 
between the insect and the plant it specializes on become 
unsynchronized), affecting emergence or migration of either 
predator or prey species, or allowing for the overwintering 
and survival of pests and pathogens. 

Many of these impacts can be expected to manifest 
before 2050 (Mora et al. 2015; Zomer et al. 2016). The 
cascading effects will also impact agricultural and pastoral 


systems (Maikhuri et al. 2001). Agricultural systems, 
mountain communities, and mountain livelihoods are 
susceptible and will be profoundly affected. Local com¬ 
munities, highly dependent upon ES, may be able to adapt 
through the expansion of cropping systems into new areas, 
the introduction of new varieties or new technologies, or 
the modification of existing production practices, and by 
relying on traditional ecological knowledge for coping 
with variability and maintaining socio-ecological resi¬ 
lience. The highly diverse and environmentally fine-tuned 
agrobiodiversity of this region may both provide options 
and be threatened, including the many genetic lines and 
landraces of various important food crops and livestock 
breeds found in the HKH. Although conditions may pos¬ 
sibly improve for production in places (e.g., warmer and 
wetter), erratic and highly variable patterns of rainfall, 
increases in extreme events, occurrence of drought, or 
changes in the intensity and duration of the monsoon will 
create major adaptation challenges (Ramesh and Goswami 
2007). 

The magnitude and speed of these bioclimatic changes 
are likely to have an impact on the conservation effec¬ 
tiveness of the many PAs and other conservation efforts 
within the HKH (La Sorte and Jetz 2010; Zomer et al. 
2015). For example, ecological conditions within PAs 
may change beyond limits conducive for the species 
currently found there as species ranges shift. The ability 
to survive, adapt to, or benefit from the changes is spe¬ 
cies- and site-specific and depends on factors such as 
population dynamics, seed dispersal mechanisms, habitat 
availability and/or fragmentation, and physiological 
adaptability (Corlett and Westcott 2013). Improving our 
understanding of the responses of the species found in 
the HKH is imperative if conservation strategies and 
policies designed to meet these challenges are to be 
effective. This is equally true for maintaining agricultural 
production for food security and contributing to sus¬ 
tainable development in the HKH, particularly concern¬ 
ing the traditional mountain agricultural systems found in 
the region, which are generally highly adapted to specific 
climatic niches within the highly heterogeneous moun¬ 
tainous terrain. 

The challenges could be translated into opportunities 
through development and implementation of appropriate 
strategies. The core issue identified from the analysis so far 
indicates that transformative changes have mainly been driven 
by either a constantly changing climate or land use change to 
enhance production systems to address resource crises due to 
the increasing demand of a growing population. The effec¬ 
tiveness of governance systems and implementation of evolv¬ 
ing policies also needs special attention. The following broad 
strategic direction could be useful for long-term resolution. 
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5.5.1 An Integrated Approach—The Landscape 
as a Socio-Ecological System 

Humans, unlike any other multicellular species in Earth’s 
history, have emerged as a global force that is transforming 
the ecology of the entire planet. It is no longer possible to 
understand, predict, or successfully manage ecological pat¬ 
terns, processes, or change without understanding why and 
how humans reshape these over the long term. To investi¬ 
gate, understand, and address the ultimate causes of 
anthropogenic ecological change, not just the consequences, 
human sociocultural processes must become as much a part 
of ecological theory and practice as biological and geo¬ 
physical processes are now. The 240 million people living in 
the HKH are strongly linked to the ecosystem health of the 
region that ensures the continuous flow of services for their 
subsistence livelihood (Xu et al. 2009a). This intricate 
linkage between ecosystem and human wellbeing has been 
shaping the ecosystems and helping in supporting diversity 
(Gorenflo et al. 2012). More important, this diversity, which 
also addresses poverty, needs socio-ecological understand¬ 
ing (Gerlitz et al. 2012). 

The state of biodiversity and ecosystem services in the HKH 
is rapidly changing due not only to increasing synergistic effects 
of anthropogenic and natural drivers but also to weak gover¬ 
nance and institutions’ limited capacity to cope with such 
changes. An integrated, gender- and socially-inclusive, and 
national and inter-regional enabling policy approach can help in 
reforming governance policies and institutional and legal 
frameworks, and promote conservation and sustainable use of 
biodiversity and ecosystem services. The diverse ecosystems 
support tourism, agricultural production, water security, and 
clean energy development downstream. To sustain these ser¬ 
vices, and to ensure food, water, and energy security in the 
HKH, management of ecosystems including forests, wetlands, 
and rangelands is cmcial (Rasul 2014). With increasing demand 
for and scarcity of land, water, energy, and natural resources for 
competing uses, the challenge is to minimize trade-offs and 
maximize synergies. Though the region has long witnessed a 
sectorial approach for conservation and development, it is 
essential to address the complexity of the HKH ecosystem and 
people’s dependency through a cross-sector coordinated 
approach. Mountain tourism is one example where biodiversity 
conservation, cultural preservation, socioeconomic develop¬ 
ment, and environmental aspects could be better linked and 
coordinated (Nepal 2013). The socio-ecological systems are 
best dealt with by using a landscape approach (Sayer 2009). 
Strongly grounded in transdisciplinarity, the landscape approach 
has the potential to maximize synergy and secure integrated 
actions by multiple stakeholders (MoFSC 2016; ICIMOD, 
WCD, GBPNIHESD, RECAST 2017). The principles of the 
landscape approach, including transdisciplinarity, have been 


widely shared and applied across the countries of the HKH with 
varying degrees of success (Chettri and Sharma 2016). These 
principles have also been endorsed by the intergovernmental 
process dealing with biodiversity conservation and climate 
change mitigation and adaptation (Sayer et al. 2013). This 
approach could be used at different scales considering the 
linkages for raising the adaptive capacity of people and resi¬ 
lience of ecosystems. The river basin, landscape, and ecosystem 
approaches practised in the region could be further strengthened 
for better synergy and coordination (Rasul 2014; Chettri and 
Sharma 2016). 

5.5.2 Building Knowledge—Science in Support 
of Decision-Making 

Science-based knowledge development in the HKH is cur¬ 
rently undergoing a remarkable transformation driven by 
(1) new technologies for linking, producing and processing 
ecological information; (2) increasing economic interest in 
natural resources from the mountains; (3) the rising promi¬ 
nence of markets, even in remote villages; (4) greater 
awareness of ecological crises; and (5) efforts to expand the 
participation of communities in ecological governance (Oli 
et al. 2013; Molden et al. 2014b). There has been consid¬ 
erable work on the production of ecological knowledge— 
local knowledge, indigenous knowledge, gendered knowl¬ 
edge, and ethno-ecological knowledge (Khadka and Verma 
2012; Uprety et al. 2016). This work has identified issues of 
competing knowledge, access, and representation of differ¬ 
ent social groups. There has also been considerable discus¬ 
sion about how to integrate local knowledge, scientific 
knowledge, and decision sciences, especially state policies. 
The last decades in the HKH have seen the emergence of 
new technologies (information technology, geo-spatial tools, 
and participatory approaches), new actors (youths, academic 
institution), new values, new institutions (civil society, 
international development partners), and new territories that 
have come to play an integral role in ecological 
decision-making and participation. There is an increasing 
imperative to explore how diverse ecological knowledge can 
enter into evolving governance practice. The key question is, 
how does this knowledge transformation influence the 
varying capacities of these actors to shape their worlds 
through these valuations and understanding, and through 
ecological governance in the HKH and beyond? There is an 
increasing trend to bring together scientific scholars, grad¬ 
uate students, and community-oriented partners to mobilize 
ecological knowledge in the HKH. For example, the 
National Natural Science Foundation of China has launched 
a regular funding mechanism for scientific research in 
ecology on the edge of the Tibetan Plateau and Himalaya, 



156 


J. Xu et al. 


and the National Mission for Sustaining the Himalayan 
Ecosystem (NMSHE) and National Mission for Himalayan 
Studies (NMHS) in India have been launched to broaden the 
scientific knowledge base in the Indian Himalayan Region to 
inform policy and practice (Gol 2016, 2017). 

5.5.3 Regional Cooperation for Regional 
Challenges and Opportunities 

The ecosystems of the HKH are diverse and the distribution 
among countries heterogeneous, but the majority of them are 
contiguous across borders (Xu et al. 2009a) and many of the 
globally significant ecoregions are shared by different countries 
(Olson and Dinerstein 2002). Even the environmental strata are 
contiguous across countries providing upstream and downstream 
linkages (Zomer et al. 2016). Many iconic species also have a 
wider habitat and range across different countries (Doiji et al. 
2012; Forrest et al. 2012; Kandel et al. 2015). Many of the HKH 
countries have also developed a strong interdependence in trade, 
culture, and tourism (Chettri 2011). Traditional barter systems 
are still prevalent in remote areas of Nepal and China (Chaud- 
hary et al. 2015a, b). There are also instances of wildlife trade 
and human-wildhfe conflict across borders (Rao et al. 2011; 
Acharya et al. 2016), while numerous PAs are also trans¬ 
boundary in nature (IUCN 2005; Chettri et al. 2008), and many 
conservation issues demand regional cooperation. Pereira et al. 
(2010) have indicated a scenario in which biodiversity will 
continue to decline over the 21st century; however, the range of 
projected change is much broader than most studies suggest, 
partly because there are major opportunities to intervene through 
better policies, but also because of large uncertainties in pro¬ 
jections. This strongly suggests the need to fill the gaps in 
research-based knowledge, and develop management and com¬ 
munication strategies focusing on multiple sources and approa¬ 
ches that lead to policy intervention. To translate this range of 
conservation and development challenges into opportunities for 
sustainable development, regional cooperation among the 
countries sharing such critical ecosystems will be essential. 

5.5.4 National and Global Investment— 
Securing Future of Biodiversity 
and Ecosystem Services 

Investment in conservation is a wise trade-off for sustaining 
the continuous flow of ES, enhancing ecosystem resilience, 
and ensuring a bright future for coming generations. How¬ 
ever, the investment is not happening where it is most 
needed (Wilson et al. 2016). The HKH hosts four of the 
world’s 36 biodiversity hotspots (Mittermeier et al. 2011) 
and is vulnerable to various drivers of change including 
climate change. However, the investment in conservation 


and management has faced disparity and been given low 
priority even by developing countries (Watson et al. 2016). 
It was observed that China and Nepal are among the top in 
investing on gross domestic expenditure on research and 
development (Katsnelson 2016). It is high time for conser¬ 
vation communities to plan investment based on the priority 
areas where biodiversity is declining at an accelerated rate 
(Waldron et al. 2013). Though the conservation investment 
by HKH countries is at different stages due to varying pri¬ 
orities and resource availability, the countries need to set 
aside more investment as a trade-off for sustainable devel¬ 
opment goals. 


5.6 Conclusion 

The HKH region is the source of ten major river systems and 
includes all or parts of four global biodiversity hotspots. The 
rich biodiversity and diverse ecosystems play a critical role 
in sustaining the wellbeing of the 240 million people of the 
region, and the goods and services from the mountain 
ecosystem are estimated to benefit a further 1.7 billion 
people in the downstream areas. The diverse ecosystems 
provide services with four values: social—for public benefit, 
cultural—for aesthetic and communal significance, ecologi¬ 
cal—for environmental conservation and sustainability, and 
economic—for livelihoods through production of goods and 
services. However, these services are poised for major 
changes in the current scenario of threats, chiefly as a result 
of climate change; local, regional and global market forces; 
and the socio-political environment prevalent in individual 
countries. There are other factors like cross-sectoral policies 
and strategies that will have a potential impact on ecosys¬ 
tems, while the lack of interdisciplinary understanding and 
knowledge, governance systems, consumption patterns of a 
large and growing urban population, and others have further 
impacted biodiversity and the functions and flow of services 
from ecosystems. Equally, these threats and their drivers 
have provide the stakeholders of the HKH with an oppor¬ 
tunity for closer regional co-operation at all levels, especially 
for sharing knowledge, practice, and experience to develop 
robust strategies for managing the socio-ecological systems 
that are dependent on the sustained flow of ecosystem ser¬ 
vices. There has been an unprecedented effort made towards 
finding innovations and going beyond conventional 
approaches in managing these life-supporting systems (e.g., 
from a species to a landscape and ecosystem approach). Yet 
much remains to be done to reach a stage where we can 
claim that there is adequate resilience in the ecosystems and 
the communities to withstand the threats brought about by 
large local, regional, and global changes. 

Regional co-operation needs further strengthening at the 
government, civil society, private sector, and community 
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levels. Policies and their implementation have yet to reflect 
the integration that is required across different sectors to 
address some of the challenges mentioned above. Decision 
makers at all levels need to be empowered and equipped 
with information and knowledge that is holistic, interdisci¬ 
plinary, and exemplified with best practices from elsewhere. 
Further, there need to be large-scale studies and research to 
enhance knowledge and information about the four values 
that biodiversity and ecosystem services provide for 
informed decision making. 

One of the critical factors for achieving some of the 
aspirations mentioned above is to have more investment in 
the HKH region from donors, governments, and the private 
sector to ensure the sustainability of the assets while pur¬ 
suing the larger goals of poverty alleviation, economic 
development, and overall human wellbeing. 
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Chapter Overview 


Key Findings 

1. The Hindu Kush Himalaya (HKH), despite 
having huge hydropower potential of -500 GW, 
remains energy poor and vulnerable. More than 
80% of the rural population in HKH countries, a 
large part of whom live in mountain areas, rely on 
traditional biomass fuels for cooking and about 400 
million people in HKH countries still lack basic 
access to electricity. 


2. Measures to enhance energy supply in the HKH 
have had less than satisfactory results because of 
low prioritization and a failure to address challenges 
of remoteness and fragility. However, this is slowly 
changing, with an emphasis on innovative business 
models for remote off-grid areas including mountains. 

3. Inadequate data and analyses are a major 
barrier to designing context-specific interven¬ 
tions. This weakness deters the addressing of the 
special challenges faced by mountain communities: 
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scale economics, access to infrastructure and 
resources, poverty levels and capability gaps, and 
also thwarts the large-scale replication of success¬ 
ful innovative demonstration/pilot projects that 
have been implemented in the region. 


Policy Messages 

1. Quantitative targets (accompanied by quality 
specifications of alternative energy options) 
based on an explicit recognition of the full costs 
and benefits should be the basis of designing 
policies, prioritizing actions and strengthening 
investments. To do this, the institutions and mech¬ 
anisms for systematic data collection and analyses 
need to be strengthened. Capacity building, and 
empowering institutions involved in designing and 
monitoring the progress of outcome-based energy 
policies and programmes, must be undertaken. 

2. Governments of the HKH countries need to 
prioritize use of locally available energy 
resources. Policies that seek to maximize energy 
independence through promotion of 
community-based and off-grid renewable energy 
solutions, perhaps through private sector partici¬ 
pation, are essential. Large hydropower projects 
with well-defined benefit-sharing mechanisms 
would be beneficial. Vibrant markets need to be 
created to meet the strong, latent demand for 
decentralized sustainable energy in the mountains. 

3. A high-level, empowered, regional mechanism 
should be established to strengthen regional 
energy trade and cooperation. This mechanism 
should be equipped to recognize, and take, an 
integrated approach to meet development needs, as 
exemplified by the sustainable development goals 
(SDGs) and their interlinkages. 


As mentioned in earlier chapters, the HKH regions form the 
entirety of some countries, a major part of other countries, 
and a small percentage of yet others. Because of this, when 
we speak about meeting the energy needs of the HKH region 
we need to be clear that we are not necessarily talking about 
the countries that host the HKH, but the clearly delineated 
mountainous regions that form the HKH within these 


countries. It then immediately becomes clear that energy 
provisioning has to be done in a mountain context charac¬ 
terized by low densities of population, low incomes, dis¬ 
persed populations, grossly underdeveloped markets, low 
capabilities, and poor economies of scale. In other words, the 
energy policies and strategies for the HKH region have to be 
specific to these mountain contexts. 

This chapter critically examines the energy outlook of the 
HKH in its diverse aspects, including demand-and-supply 
patterns; national policies, programmes, and institutions; 
emerging challenges and opportunities; and possible trans¬ 
formational pathways for sustainable energy. We set out to 
answer three broad questions: 

1. How does the abundance of renewable energy resources 
in the HKH inform, and be informed by, national, 
regional, and global energy and climate policies? 

2. How can energy-deprived mountain communities be 
empowered to meet their growing energy demands in an 
environmentally benign and sustainable way? 

3. How can the enabling environment for regional integra¬ 
tion and cooperation be strengthened to seize climate 
mitigation, adaptation, and development opportunities 
and make rapid, meaningful progress? 

Despite its vast potential of hydropower and other 
renewables, the HKH region remains energy poor and vul¬ 
nerable. Climate change is posing a new challenge to energy 
security on account of receding treelines, the contribution of 
biomass burning to short-lived carbon pollutants, altered 
rainfall patterns, and unpredictable water stocks and flows 
among other factors. The challenge for the HKH is to 
simultaneously address the issues of energy security, climate 
change, and poverty while attaining multiple SDGs. Success 
will require urgent action and massive investment for energy 
transformation. If technology access remains inadequate and 
energy infrastructure continues to be of poor quality, the 
HKH will neither be able to respond to SDG 7 (affordable 
and clean energy) nor to any of the related SDGs (well- 
established). 

The HKH, by virtue of its massive stock of snow and ice, 
represents the third pole of Planet Earth. The snow melt from 
the Himalayan mountains, and the rainfall catchment they 
provide, feed and supplement the water flows of a number of 
the rivers that originate from this region. Both the felling of 
trees for biomass production and the burning of biomass for 
energy provision have an adverse impact on the water bal¬ 
ance of the region. How the region handles its water, energy 
and forest resources would have a significant impact on the 
health of the Himalayan mountain ecosystems, the health 
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and wellbeing of its populations, on the vulnerability of its 
people and those living downstream to glacier melting and 
associated impacts, and on the opportunities to mitigate 
climate change impacts at a wider scale ( well-established ). 
The world needs to engage with the HKH to define an 
ambitious new energy vision: one that involves building an 
inclusive green society and economy, with mountain com¬ 
munities enjoying modem, affordable, reliable, and sustain¬ 
able energy to improve their lives and the environment. 
Specifically, the region requires a radical energy transfor¬ 
mation that ensures universal electricity access, through 
grid-connected and off-grid power for lighting and pro¬ 
ductive uses, and the complete replacement of traditional, 
inefficient sources for cooking and heating energy with clean 
sustainable energy options that are efficient, reliable, 
affordable, and demand-driven (well-established). 

Translating this new energy vision into action will require 
a reform agenda much more ambitious than today’s efforts. 
By tapping into the full potential of hydropower and other 
renewables, the HKH can overcome its energy poverty and 
attain energy security, while mitigating and adapting to cli¬ 
mate change. Success, however, will critically depend on 
removing policy, institutional, and capacity barriers that now 
perpetuate energy poverty and vulnerability in mountain 
communities. 

As there are no “one-size-fits-all” solutions for ensuring 
universal access to modern energy in mountain areas, the 
HKH regions must create an enabling environment to ensure 
access to energy services in a technology- and 
resource-neutral manner, albeit bearing in mind the leverage 
energy access provides for meeting other development goals, 
(i well-established ). 

A priority action agenda for sustainable energy 
transformation 

This chapter presents a four-point priority action agenda for 
a sustainable energy transition to ensure energy security for 
all, in a climate-resilient manner, through hydropower and 
other renewables. It also highlights the urgent need to cus¬ 
tomize SDG 7 targets and indicators to the specific needs 
and priorities of the HKH region. 

Underpinning the implementation of our proposed HKH 
energy vision and action agenda is a crucial guiding prin¬ 
ciple: that sustainable energy is a shared responsibility. To 
accelerate progress and make it meaningful, all key stake¬ 
holders must partner with one another and work synergisti- 
cally for a sustainable energy transition. 

The action agenda calls for: 


• Making mountain-specific energy policies and pro¬ 
grammes an integral part of national energy devel¬ 
opment strategy. A coherent mountain-specific policy 
framework needs to be well integrated in the national 
development strategy and translated into action. A pre¬ 
requisite will be to establish a regional mountain-specific 
energy data generation and management system that 
supports national institutions in periodic energy data 
gathering and in assessing various aspects of energy 
access. 

• Establishing monitorable quantitative and qualitative 
targets for each energy end use and tracking the 
progress of different attributes of clean energy access. 

This needs a mountain-specific multi-tier assessment 
framework, with appropriate energy access indicators, to 
facilitate a demand-driven approach to energy service 
provisioning and to prioritize interventions with the lar¬ 
gest co-benefits for SDGs. 

• Scaling up current investments and ensuring access to 
finance through capacity building at different levels. 

Innovative and affordable international, regional, 
national, and local funds will need to be mobilized to 
support energy planning and infrastructure investments. 
Incentives for commercial lending, de-risking invest¬ 
ments, and leveraging private finance will be needed, to 
accelerate rapid diffusion and scale-up of appropriate, 
customized business models for off-grid renewable 
energy solutions, by empowering local communities. 

• Accelerating the pace of regional trade and coopera¬ 
tion in sustainable energy through a high-level, 
empowered, regional mechanism. This can be achieved 
through integrated regional energy planning, trade, and 
establishment of institutional mechanisms. These will 
also ensure that environmental externalities are managed 
and that revenue-sharing mechanisms for the local areas 
are in place. Climate change-induced human security 
threats have the potential to drive energy cooperation and 
facilitate multilateral agreements on the basis of a com¬ 
mon framework. 


Meeting Future Energy Needs and the SDGs 

Energy is an essential input for the achievement of most 
SDGs. Transition to sustainable energy, therefore, 
should be the region’s major priority and must be cen¬ 
tral to national development strategies. An a priori 
recognition of interlinkages between energy and other 
context-specific SDGs would allow countries to 
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maximize the developmental benefits of energy provi¬ 
sioning. This is, however, a complex exercise requiring 
capacity building, governance and institutional chan¬ 
ges, and effective design of incentive systems. 

That said, SDG 7 and its three targets will need to 
be customized to the specific needs of each HKH 
country. Such customization could follow the sec- 
torally integrated Energy Plus approach, maximizing 
synergies while managing trade-offs. 

• Target 7.1—“By 2030, ensure universal access to 
affordable, reliable and modern energy services” 
HKH needs a multi-tier, mountain-specific assess¬ 
ment framework that captures improved quantity, 
quality, and reliability of electricity supply. This 
should assure the availability, efficiency, afford¬ 
ability, safety, health (reduced emissions of 
short-lived climate pollutants (SLCPs)), and con¬ 
venience (reduced drudgery for women and chil¬ 
dren) of modem, clean cooking facilities, and allow 
progress on energy poverty to be more visible and 
measurable for national, regional, and global public 
policy makers. 

• Target 7.2—“By 2030, increase substantially the 
share of renewable energy in the global energy 
mix” 

The objective could be to move towards a fossil 
fuel-free and efficient energy future. Such renew¬ 
able energy, in both centralized and decentralized 
forms, must serve local populations and meet their 
demands and fuel growth. Given the low current 
consumption levels, and the opportunity to provide 
customized energy, the objective of governments 
should be to meet all the energy demands of the 
region. 

• Target 7.3—“By 2030, double the global rate of 
improvement in energy efficiency” 

Policies should focus on the traditionally 
biomass-dependent residential sector, which has 
the highest energy use but the lowest energy effi¬ 
ciency. Each country should develop 
mountain-specific energy efficiency indicators (and 
should not use energy intensity as a proxy, a 
practice that can generate misleading results). 
These indicators should use final energy demand at 
the most disaggregated end-use level, to accurately 
reflect energy efficiency improvements and to 
monitor progress towards the target. 


6.1 Introduction 

6.1.1 Setting the Scene: The Transition 
Challenge 

Recognizing that energy is fundamental to human develop¬ 
ment, SDG 7 states that access to affordable, reliable and 
sustainable energy is crucial not only for future energy 
security, but for also meeting other SDGs. Although energy 
is essential for all development needs, current energy sys¬ 
tems continue to face major pressures to address energy 
security, climate change, and energy poverty (Van Vuuren 
et al. 2012). Given the important role energy security plays 
for dimensions of human security, a robust energy strategy is 
key to any country’s future development. Prevailing notions 
of energy, however, are largely supply-biased and 
growth-centred and fail to respond to the energy develop¬ 
ment nexus, especially in the HKH. 

Mountain areas of the HKH are hotspots for energy 
poverty-related development challenges. The region also 
faces a host of issues around energy security and climate 
change impacts, while having the potential to mitigate the 
emissions of greenhouse gases (GHGs), in particular SLCPs. 
The mountain areas of the eight HKH countries (Afghani¬ 
stan, Bangladesh, Bhutan, China, India, Myanmar, Nepal, 
and Pakistan) host 9% of the collective population. It is these 
areas (rather than HKH countries) that are referred to as the 
HKH region in this chapter. More than 80% of the rural 
population in the HKH countries lack a modem energy 
source for cooking (IEA and World Bank 2015), although 
these country-level data gloss over the realities of energy 
poverty in the HKH region. Heavy reliance on traditional 
solid fuel used in traditional ways entrenches poverty, and 
erodes indoor air quality and environmental sustainability. 
Caught between poverty and environmental degradation, 
mountain communities in most of the HKH find it increas¬ 
ingly difficult to meet their daily energy service needs in a 
sustainable manner. For mountain people in general, and 
women in particular, the foremost priority is to meet 
household energy needs for cooking and space heating. The 
endless cycle of gathering and burning biomass in homes 
causes enormous damage to the environment, triggers 
widespread harm to human health, and results in serious 
social deprivation (Sharma et al. 2005). 

Excessive biomass usage and the resulting deforestation 
and biomass loss are widespread in the HKH, and have a 
major impact on ecosystem services, climate change, and 
human health. Sustainable energy has now emerged as the 
centrepiece of mitigation and adaptive responses to the 
impacts of both SLCPs and GHGs. Black carbon is 
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considered an SLCP and is now recognized as a major 
concern in the climate-sensitive HKH, linked with enhanced 
glacier melting alongside other impacts on public health, 
environment, and livelihood security (Menon et al. 2002; 
Ramanathan and Carmichael 2008; Ramanathan et al. 2007). 
For these and other reasons, expanding access to sustainable 
energy for reducing these emissions promises significant 
co-benefits for the HKH. 

6.1.2 Transformation in Energy Systems: 
Multidimensional Linkages 

The HKH is interconnected biophysically and socioeco¬ 
nomically across sectors, and this affects the energy supply, 
demand, underlying drivers, and the solutions themselves. 
The costs and benefits of energy are not always confined to 
the HKH, and this requires extended thinking about benefit 
sharing. One such example is hydroelectricity production in 
the mountains and hills of the HKH region, which feeds 
largely into the plain areas. We also find significant sectoral 
interdependencies in energy, climate, water, and food, and 
these are numerous, growing, multidimensional and dynamic 
(Beniston 2013; Hoff 2011; Hussey and Pittock 2012; Marsh 
and Sharma 2007; Rasul and Sharma 2016; Rockstrom et al. 
2009; State of the Planet Declaration 2012). Sustaining 
Himalayan freshwater ecosystem services is critical for food, 
water, and energy security in the HKH and downstream river 
basins (Rasul 2014a, b). These interdependencies make it 
crucial for policy makers to understand the cross-sectoral 


policy linkages, and their elfects at multiple scales, while 
taking into account the transboundary nature of HKH 
ecosystems and rivers. A regional perspective will be needed 
so appropriate strategies for energy system transformation 
can be found, allowing a common solution to be reached by 
determining and resolving trade-offs, and by exploiting 
potentials for synergy. 

6.1.3 Framework and Roadmap 

Sustainable energy development is an evolving concept 
(Sovacool et al. 2011). Adequacy, reliability, quality, and 
guarantee of energy resources and carriers on the supply 
side, and accessibility and affordability on the demand-side 
serve as important boundaries for sustainable energy tran¬ 
sitions (Fig. 6.1). Between supply and demand are enablers 
who can make and influence current developments and the 
transitions needed through policy, regulation, design, and 
implementation of financing solutions, market development, 
and equitable solutions. If a reliable energy system is not in 
place, households cannot obtain access to modem fuel, even 
if they can afford and use such fuel (Fig. 6.1, area C). 
Regardless of the availability and acceptability of energy 
technologies (Fig. 6.1, area B), the vast majority of rural 
people will be unable to afford them because of lack of funds 
or credit facilities. Even when modem forms of energy are 
affordable and available (Fig. 6.1, area A) households may 
not use them if they are not culturally acceptable or if they 
are less convenient, less reliable, and more expensive than 


Fig. 6.1 Framework for 
addressing sustainable energy 
transition (Sharma 2009) 
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traditional biomass. Scaling up modem energy services 
depends on the existence of effective governance and policy 
frameworks that create an enabling environment for 
increased adoption and investment in energy access. 

We can see there are multiple possible visions of energy 
transition pathways that could reach the goal of sustainable 
energy development for the HKH. Each pathway will come 
with its own barriers and opportunities, and the need for 
specific transformation in multiple domains. The framework 
for assessing sustainable energy adopted in this chapter is, 
therefore, based on the three pillars of sustainable develop¬ 
ment: social, economic, and environmental. It uses a set of 
underlying indicators to study the current situation, policies 
and action; find the gaps and challenges in options and 
action; provide pathways to sustainable energy futures; and 
offer insights to the key elements of enabling conditions for 
decision makers. 

Section 6.2 examines the energy supply and demand 
trends, and the transition pattern, using the available infor¬ 
mation on the HKH countries. This section also draws on 
insights into the energy profile of the HKH and discusses the 
underlying drivers. Section 6.3 examines the key national 
energy policies, programmes, and institutions in the wider 
context of national development. Section 6.4 identifies and 
assesses the challenges and opportunities for sustainable 
energy facing the HKH countries. Section 6.5 explores the 
future pathways for sustainable energy solutions through 
alternative combinations of options and strategies. Sec¬ 
tion 6.6 offers insights on national, regional, and global 
linkages of HKH energy resource bases. It also explores 
avenues for seizing policy opportunities, investing in energy 


infrastructure, innovative financing mechanisms, capacity 
development and governance reforms and regional integra¬ 
tion and cooperation, among others. 


6.2 Energy Demand and Supply—Trends 
and Patterns 

Data on energy demand and supply for mountain areas of 
HKH countries (except in Bhutan and Nepal, which are fully 
within the HKH) are largely inadequate and of poor quality. 
Given the significant differences in energy access, economic 
development, and institutional structures across countries, it 
is difficult to accurately capture HKH-specific 
demand-and-supply trends and patterns. This highlights an 
urgent need to establish a sound energy information base. 
Equally, understanding the risks and vulnerability of energy 
systems to socioenvironmental change is essential to ensure 
proper design of strategies and interventions for improved 
energy security. 

6.2.1 Biophysical and Socioeconomic Context 
Shaping Energy Demand 

Mountain-specific characteristics such as inaccessibility, 
fragility, and marginality combined with the “isolated 
enclave” nature of mountain economies and communities 
lead to different manifestations of energy demand patterns 
and trends (Papola 2002). The following paragraphs explain 
the context of energy demands as depicted in Fig. 6.2. 


Fig. 6.2 Biophysical and 
socioeconomic contexts of energy 
demand in the HKH 
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Table 6.1 Energy access in HKH countries during 1990-2014 


Country 

Access to electricity (% of population) 

Access to clean fuels and technologies for cooking 
(% of population) 


2000 

2010 

2012 

2014 

2000 

2010 

2012 

2014 

Afghanistan 

38 

43 

69 

90 

23 

19 

18 

17 

Bangladesh 

32 

55 

59 

62 

11 

10 

10 

10 

Bhutan 

69 

82 

92 

100 

38 

60 

64 

68 

China 

98 

100 

100 

100 

46 

54 

56 

57 

India 

60 

76 

80 

79 

24 

32 

33 

34 

Myanmar 

47 

49 

51 

52 

4 

8 

8 

9 

Nepal 

27 

67 

76 

85 

7 

21 

23 

26 

Pakistan 

75 

91 

94 

98 

24 

39 

42 

45 


Source IEA and World Bank (2017) 


Energy access : About 400 million people in HKH countries, 
a large percentage of whom live in mountain areas, still lack 
basic access to electricity and rely on traditional biomass 
fuels for cooking (Table 6.1). At the same time, the impacts 
of climate change on hydropower and biomass resources 
may bring greater uncertainty to the region (Kaltenborn et al. 
2010). However, access to modern energy forms is crucial to 
support water, food, and livelihood security and to reduce 
the vulnerability of mountain communities to the impacts of 
climate change. 

Middle- and high-altitude climatic conditions : Due to the 
generally cool to cold weather throughout the HKH, the 
need for space and water heating ranks high, as fuel is 
needed for cooking and lighting. Use of biomass as a 
cooking fuel serves the additional purpose of heating in the 
middle- and high-altitude regions of the HKH (Bhatt and 
Sachan 2004; Palit and Garud 2010; Santner and Jussel 
2003). Because of this, smokeless stoves have failed to catch 
on in Bhutan because they are poor sources of space heating 
(Palit and Garud 2010), and the demand for traditional fuels 
for space heating remains high (Rahut et al. 2016). However, 
experimentation with new technologies is also taking place 
in the region; one such example is fuel-efficient stoves with 
attached water warming facilities, in Pakistan. 

Abundant primary energy supply. The HKH comprises 20% 
forests, 15% shrub lands, and 39% grasslands (Schild 2008). 
The region is also known as the “water tower” of Asia, with 
an estimated hydroelectricity generation potential of more 
than 500 GW (Vaidya 2013). The primary energy base of the 
HKH is, therefore, biomass, hydro, solar, and wind, although 
solar and wind potentials remain largely unquantified. 
Yadama et al. (2012) suggest that the possibility of using 
biomass increases with easy access to forests. 


Supply of modern energy. The demand for modem energy is 
linked with creating improved economic opportunity, rising 
income, proliferation of new technologies, reducing indoor 
pollution, modernizing agriculture, entrepreneurship devel¬ 
opment, and others. Although it is widely recognized that 
access to modem and clean energy services contributes to 
tackling poverty (Practical Action 2014), people living in the 
HKH have limited access to these forms of energy (Shrestha 
2013). Despite large-scale availability of fossil fuel reserves 
and resources beyond the mountainous region of the HKH 
(Table 6.2), these countries also import fossil fuels to meet 
their domestic demand, contributing to a growing share of 
fossil fuels in the total primary energy supply mix of the 
HKH (Fig. 6.3 and Table 6.3). 

Affordability : Low income is a key determinant for continual 
use of biomass for cooking (Hosier and Dowd 1987). Not 
only are modem fuels more expensive, but the associated 
costs of appliances are also high (Bhattacharyya 2006). In 
urban households, the decreasing share of biomass use is 
often attributed to rising incomes (Duan et al. 2014). Given 


Table 6.2 Proven fossil fuel reserves in HKH countries, 2015 


HKH 

countries 

Coal 

(Million 

tonnes) 

Oil 

(thousand million 
tonnes) 

Natural gas 
(Trillion cubic 
metres) 

Bangladesh 

N.A. 

0.003 8 a 

0.2 

China 

114,500 

2.5 

3.8 

India 

60,600 

0.8 

1.5 

Myanmar 

N.A. 

0.068 a 

0.5 

Pakistan 

2070 

0.05 l a 

0.5 


Sources BP Statistical Review of World Energy (2016); a CIA, The 
World Factbook (2016) 

N.A.: Data not available 
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Fig. 6.3 Percentage of fossil 
fuels in the total primary energy 
supply in six HKH countries 
(Based on IE A data from 
OECD/IEA 2015 World Energy 
Outlook © OECD/IEA 2015 
World Energy Outlook, www.iea. 
org/statistics, Licence: www.iea. 
org/t&c; as modified by 
ICIMOD) 



2002 


2013 


Table 6.3 Electricity generated by fossil fuels in HKH countries 
(installed capacity) 


HKH 

countries 

Year 

% of 

the 

total 

HKH 

countries 

Year 

% of 

the 

total 

Afghanistan 

2012 

35.4 

India 

2016 

69.3 

Bangladesh 

2013 

97.7 

Myanmar 

2012 

24.8 

Bhutan 

2015 

0.5 

Nepal 

2016 

6.2 

China 

2016 

64 

Pakistan 

2015 

67.7 


Source CIA, The World Factbook (2016) (accessed June 2017 at https:// 
www.cia.gov/library/publications/the-world-factbook/index.html) 


the scale of poverty in HKH countries, the unaffordability of 
modem fuels and associated appliances may have led to a 
higher demand for biomass energy. However, in recent 
years, income in the region has risen (owing in large part to 
tourism development, cash crops, access to information, 
remittance income, and entrepreneurship development), and 
so has the affordability of modern fuels and appliances. In 
some parts of the region, especially in Nepal, foreign 
remittance has been a key factor behind the rise in household 
income. 

Urbanization and industrialization : Most studies confirm 
that urbanization and industrialization increase energy 
demand but the relationship varies at different stages of 
development (Li and Lin 2015). In China, Yang et al. (2016) 
confirm that urbanization rates are a valid predictor of 
electricity consumption. The share of urban population in 
HKH countries is rising (Table 6.4), and will eventually lead 
to greater demand for modem forms of energy (Duan et al. 
2014) (see Fig. 6.4). It is also evident that outmigration from 
the HKH is relatively high; people shift to urban areas in 
search of better income-generating options (Wu et al. 2014). 


Table 6.4 Urban population (% of total population) in HKH countries 


HKH 

countries 

2007 

2015 

HKH 

countries 

2007 

2015 

Afghanistan 

23.6 

26.7 

India 

29.9 

32.7 

Bangladesh 

28.2 

34.3 

Myanmar 

29.9 

34.1 

Bhutan 

32.5 

38.6 

Nepal 

15.8 

18.6 

China 

45.2 

55.6 

Pakistan 

35.4 

38.8 


Source World Bank (2017). https://data.worldbank.org/indicator/SP. 
URB .TOTL.IN.ZS ?end=2015&start= 1960 


In urban areas, more people own technologies/appliances 
(e.g., cars) that demand more fossil fuels. Industries are also 
growing to meet the demands of growing populations and to 
achieve economic growth. Urbanization may reduce the use 
of biomass as urban households are more likely to opt for 
electrical appliances. But, if electricity is produced from 
fossil fuel, then it is unlikely to help in moving towards 
clean energy transition. 

Diversification and intensification of agriculture: The region 
is diversifying and intensifying agriculture to improve food 
production. This demands more irrigation, and then more 
electricity to power the irrigation. For example, in 
Balochistan, Pakistan, the demand for electricity for irriga¬ 
tion has increased to support growing more types of fruit in 
this arid region (Khair 2013). As many HKH countries 
provide subsidies for electricity used in groundwater 
extraction, this leads to overexploitation of groundwater as 
well as increased electricity demand (Khair 2013; Rasul and 
Sharma 2016). However, one must note that not all agri¬ 
cultural intensification is electricity-based, and the energy 
intensity of agriculture in hills and mountains will not be as 
high as in the plains, because agriculture in the hills and 
mountains continues to be mostly rainfed (see Chap. 8). 
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Fig. 6.4 Percentage of urban 
and rural population with access 
to electricity in 2014 (Source IEA 
and World Bank 2017) 



Rural Urban 


6.2.2 Energy Demand and Consumption 
Characteristics 

There has been no realistic assessment of the underlying 
energy demand-and-supply patterns and trends in the HKH 
region since 1999, when Rijal carried out a comprehensive 
energy assessment in the HKH regions of China, India, 
Pakistan and Nepal (Rijal 1999). We must, therefore, rely 
primarily on national-level data to draw these inferences. 

National-Level Final Energy Consumption Pattern in HKH 
Countries : Table 6.5 provides a summary of the 
national-level total final energy consumption (TFEC) trends 
by fuel type and sector for 2013. The total energy con¬ 
sumption of HKH countries as a whole (excluding Afgha¬ 
nistan and Bhutan) grew at an average annual rate of 4.6% 
over the period 1995-2013. Between 2008 and 2013, 
Afghanistan recorded the highest annual average growth rate 
of 16.5% followed by Bhutan (9.7%). China and India 
dominated the other HKH countries in total energy con¬ 
sumption, consuming around 75% and 20% overall, 
respectively. Bhutan and China had the highest overall per 
capita energy usage, and both these countries had made rapid 
progress in securing access to basic energy for their rural and 
mountain populations. 

In the absence of data, and in terms of fuel composition, 
the practice in Bhutan and Nepal (which are largely located 
in the HKH region) can be used to infer patterns for the 
region as a whole. As such, while traditional biomass at an 
aggregate level contributes only 16% of TFEC, signalling a 


transition from traditional fuels towards modern fuels in the 
HKH, its use is still particularly high in Nepal (80%), 
Myanmar (70%), and Bhutan (57%). Similarly, the sectoral 
composition of energy consumption reveals that about 45% 
of TFEC in HKH countries as a whole is used in the 
industrial sector. However, the share of residential sector 
TFEC is highest in Nepal (83%), followed by Myanmar 
(70%), and Bhutan (58%). 

HKH-specific energy consumption pattern : As discussed 
above, an important characteristic of household energy use 
in the HKH is heavy dependence on traditional biomass 
fuels (wood, agricultural residues, and animal dung). For 
example, approximately 90% of the cooking energy needs in 
rural areas in India are met through traditional sources of 
energy (Misra et al. 2005). In Nepal (Table 6.6) more than 
85% of total domestic energy needs are met through tradi¬ 
tional fuels. Several studies over time (ADB 2012; Rijal 
1999; Shrestha 2013; UNDP 2013; Ramji et al. 2012) 
revealed this trend, whereby extraction of fuelwood excee¬ 
ded the sustainable supply. Although the availability of 
Renewable Energy Technologies (RETs) is improving, their 
high up-front cost—and subsidized commercial fuel—make 
them unattractive. 

The cold climate in much of the HKH leads to cooking, 
space heating, and water boiling being other major energy 
end uses of the residential sector in the HKH. Figure 6.5 
shows the distribution of energy consumption in the resi¬ 
dential sector of Nepal. The figure indicates that cooking 
(61%) and heating (14%) account for the largest share of 
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Table 6.6 Structure of total final energy consumption (TFEC) in Nepal 2011-12 




Fuelwood 

(%) 

Dung and 
agri-residue (%) 

Coal (%) 

Petroleum 
product (%) 

Electricity 
(grid) (%) 

Electricity 
(renewables) (%) 


National shares (%) 

71.10 

8.70 

3.90 

12.30 

2.80 

1.20 

Residential 

80.30 

94.20 

100.00 

0.00 

15.30 

45.70 

100.00 

Industrial 

7.80 

2.60 

0.00 

92.30 

10.50 

38.30 

0.00 

Commercial and transport 

10.50 

2.70 

0.00 

7.20 

65.10 

12.40 

0.00 

Agricultural 

1.20 

0.00 

0.00 

0.00 

9.00 

2.20 

0.00 

Others 

0.10 

0.00 

0.00 

0.00 

0.00 

1.40 

0.00 


Source WECS (2014) 


Table 6.7 Trend in energy efficiency in HKH countries 



Primary energy intensity a 
(megajoules per 2011 

USDPPP) 

Change in energy intensity 13 (%) 

Avoided energy 

consumption 0 

(petajoules) 

Primary 

energy 

Final energy 

Agricultural 

Industry 

Services 

Residential 

2010 

2012 

2012-14 

2012-14 

2012-14 

2012-14 

2012-14 

2012-14 

2013-14 

Afghanistan 

2.94 

2.98 

2.64 

-6.00 

4.93 

5.69 

5.19 

0.3 

-4.59 

Bangladesh 

3.44 

3.3 

3.13 

-2.61 

-5.82 

-4.28 

-1.04 

1.79 

-13.45 

Bhutan 

12.55 

11.56 

11.06 

-2.19 

2.71 

8.01 

2.92 

-1.41 

-2.94 

China 

8.68 

8.19 

7.43 

-4.74 

0.5 

-4.95 

-3.58 

2.68 

-2906.04 

India 

5.35 

5.2 

4.94 

-2.49 

3.19 

0.42 

-5.17 

1.33 

-558.27 

Myanmar 

3.15 

3.1 

3.24 

2.29 

27.03 

Na 

Na 

0.16 

15.12 

Nepal 

7.97 

7.27 

7.67 

2.69 

6.06 

1.33 

-0.25 

6.02 

-7.31 

Pakistan 

4.87 

4.67 

4.43 

-2.58 

4.5 

-3.42 

-2.03 

-0.77 

-84.83 


Sources IEA and World Bank (2017) 

Na refers to not available 

a Primary energy intensity—an imperfect proxy indicator to measure energy efficiency—is the ratio of total primary energy supply (TPES) to gross 
domestic product (GDP), measured at purchasing power parity (PPP) in constant 2011 US dollars (USD). This indicates how much energy is used 
to produce one unit of economic output. A lower ratio indicates that less energy is used to produce one unit of economic output 
b Refers to the average annual growth rate of primary energy intensity between two years. Negative values represent improvements in energy 
intensity (less energy is used to produce one unit of economic output), and vice versa 

c Refers to energy saved because of energy efficiency improvement during the period. A negative value means reduced energy use (avoided energy 
use) because of energy intensity reduction 


energy consumption in Nepal. This might be the case for the 
mountain regions of other HKH countries as well, though no 
data are available to confirm this. 

In Bhutan, as in other countries, the choice of fuel type 
for cooking is affected by a multiplicity of factors including 
income level, household wealth, age, gender, head of 
household educational level, access to electricity, and loca¬ 
tion (Rahut et al. 2016). Based on these factors, people 
choose and shift the type of fuel used along the energy ladder 
(Cai and Jiang 2008). Electricity is so versatile in meeting 
most energy services that it is also an important means of 
supply. Furthermore, the population in rural areas is almost 
double that in urban areas of Bhutan. In Nepal, a significant 
proportion (45%) of electricity supplied in the residential 
sector is from the grid. In the past almost all electricity was 


supplied from domestic hydropower plants. Power shortages 
in recent years have led to back-up diesel generators and 
electricity imported from India becoming prevalent too. 

Some common cottage industries in the HKH include 
agro processing, saw mills, potteries, blacksmiths, dairies, 
workshops, and bakeries. Process heat demand in these 
industries is generally fulfilled by fuelwood and other bio¬ 
mass, petroleum products, coal, and electricity. Motive 
power is met by petroleum products and electricity (Rijal 
1999). The key commercial sectors in the HKH are local 
businesses, hotels, and restaurants. Tourism is an emerging 
sector for employment and income generation in the HKH, 
and will increase the commercial share of energy con¬ 
sumption as well as of liquid fuel consumption and elec¬ 
tricity demand. 
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Fig. 6.5 Utilization of Energy in residential sector, Nepal (Source 
WECS 2014) 


The agricultural sector also requires significant energy. In 
Nepal, its energy consumption is 9.9% of the total petroleum 
product consumption and 2.2% of total electricity con¬ 
sumption (Table 6.6). The end uses to which this energy is 
applied in Nepal are tillage (52%), irrigation (32%), and 
threshing (13%) (WECS 2014). The higher demand for 
electricity and petroleum products reflects the gradual shift 
from traditional subsistence agriculture to high-value com¬ 
mercial products such as horticulture, medicinal plants, 
herbs, and vegetables (Rasul 2014a). Some parts of the HKH 
have also started deploying solar photovoltaic (PV)-based 
irrigated systems in recent years (Mukherji et al. 2017). 

Energy Efficiency : The pace of improvement in energy 
intensity as an imperfect proxy of energy efficiency varies 
across HKH countries (Table 6.7). From 2012 to 2014, 
primary energy intensity declined in all HKH countries 
except Myanmar and Nepal, with the highest improvement 
recorded in Afghanistan and China. Over the same period, 
China avoided TFEC of 2906 petajoules, mainly as a result 
of efficiency improvement in two energy-intensive sectors 
(industry and service). India avoided TFEC of 558 petajoule 
through significant efficiency improvement in the service 
sector, resulting in the second highest energy savings 
worldwide after China (IEA and World Bank 2017). Inter¬ 
estingly, in 2012-14 the intensity of final energy use in the 
residential sector increased in all HKH countries, implying 
that there is scope for improving energy efficiency by 
moving away from the highly inefficient combustion of 
biomass fuel primarily used in this sector. This is especially 
needed in the rural areas of the HKH region. 


6.2.3 Ensuring Sustainable Energy Supply 

Most HKH countries rely heavily on commercial energy 
sources (Fig. 6.1) and over the last few years the share of the 
supply of commercial energy has increased in all HKH 
countries (Table 6.8). 

The HKH has large potential for hydroelectricity that 
could help to reduce the dependency on fossil fuel-based 
electricity in HKH countries (Vaidya 2013). Compared to its 
potential, installed capacity in the region remains very low. 
Yupapin et al. (2011) report that Myanmar has the potential 
for installed capacity of more than 39 GW of hydroelec¬ 
tricity, but has only installed 0.32 GW. Fikewise, Nepal has 
only been able to install less than 2% of its total potential 
(Ale and Shrestha 2008). In these countries the share of 
hydropower in total electricity generation is high 
(Table 6.10). If hydropower were tapped more fully, it 
would be possible to meet the domestic demand, as well as a 
significant share of regional demand for electricity through 
regional cooperation (Rahman et al. 2011; Srivastava and 
Misra 2007). 

The latest national-level data show that the share of 
renewable energy use in TFEC varies across HKH countries, 
ranging from 17% in Afghanistan and China to 86% in 
Bhutan. Traditional solid fuel dominates renewable energy 


Table 6.8 Trends in the share of energy sources in total energy 
consumption in HKH countries 


HKH 

countries 

Year 

Commercial 
energy (%) 

Trend 

Renewable 
energy (%) 

Trend 

Afghanistan 

2008 

75 

T 

25 

i 

2011 

85 

15 

Bangladesh 

2002 

61 

T 

39 

i 

2013 

73 

27 

Bhutan 

2008 

10 

T 

90 

i 

2011 

14 

86 

China 

2008 

82 

T 

18 

i 

2013 

89 

11 

India 

2002 

67 

T 

33 

i 

2013 

74 

27 

Myanmar 

2002 

24 

T 

76 

i 

2013 

30 

70 

Nepal 

2002 

10 

T 

90 

i 

2013 

15 

85 

Pakistan 

2008 

59 

T 

41 

i 

2013 

62 

38 


| arrow shows an increasing and j arrow shows a decreasing trend 
Source United Nations Statistics Division 2013 (for Afghanistan and 
Bhutan); IEA (2015) (for the other countries) 
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Table 6.9 Share of renewable energy in total final energy consumption (TFEC) in HKH countries 


Share in total final energy consumption (%) 



Total 

renewable 

energy 

Solid biofuels 

Hydro 

Liquid 

biofuels 

Wind 

Solar 

Geothermal 

Other (biogas, 
renewable waste, 
marine) 

energy use 
(petajoules) 

Traditional 

use 

Modem 

use 


1990 

2014 

2014 

2014 

2014 

2014 

2014 

2014 

2014 

2014 

2014 

Afghanistan 

15.9 

16.8 

8.82 

0 

7.93 

0 

0 

0 

0 

0 

146 

Bangladesh 

71.7 

37.5 

37.26 

0 

0.18 

0 

0 

0.04 

0 

0 

1018 

Bhutan 

95.9 

86.7 

74.81 

0.15 

11.7 

0 

0 

0 

0 

0 

61 

China 

34.1 

17.1 

10.21 

0.19 

4.12 

0.09 

0.61 

1.2 

0.26 

0.42 

76,546 

India 

58.7 

36.5 

26.6 

7.6 

1.62 

0.07 

0.46 

0.17 

0 

0.02 

21,550 

Myanmar 

90.9 

68.5 

63.21 

2.09 

3.22 

0 

0 

0 

0 

0 

700 

Nepal 

95.1 

84.4 

78.19 

0.87 

2.9 

0 

0 

0 

0 

2.41 

483 

Pakistan 

57.5 

47.2 

39.17 

4.89 

3.1 

0 

0.04 

0 

0 

0 

2991 

All HKH countries 

28 

20.12 

2.97 

3.15 

0.07 

0.49 

0.72 

0.14 

0.28 

105,509 


Total final 


Source IEA and World Bank (2017) 


Table 6.10 Electricity generation from various sources in HKH countries (2015) 


Country 

Total electricity production 

Sources of electricity production (as % of total) 


(Gigawatt-hours) 

Hydropower 

Other renewable sources a 

Fossil fuels b 

Nuclear power 

Afghanistan 

1034 

86.1 

0.0 

13.9 

0.00 

Bhutan 

7748 

100.0 

0.0 

0.0 

0.00 

Bangladesh 

59,011 

1.0 

0.3 

98.8 

0.00 

China 

5,814,573 

19.4 

3.9 

73.7 

2.94 

India 

1,354,382 

9.0 

2.7 

85.5 

2.76 

Myanmar 

15,970 

59.5 

0.0 

40.5 

0.00 

Nepal 

3503 

99.8 

0.2 

0.0 

0.00 

Pakistan 

115,073 

29.5 

1.3 

65.2 

4.00 


Note a It includes non-hydro renewables such as solar, wind, geothermal etc. 
b It includes coal, natural gas, oil etc. 

Source Based on data from United Nations Statistics Division for 2015, available online at https://unstats.un.org/unsd/energy/yearbook/2015/t32. 
pdf 


use in all HKH countries, with the share of modern renew¬ 
able use in the TFEC being marginal (Table 6.9). 

In addition to hydropower, there is a large potential for 
electricity generation from other renewable sources in the 
HKH. As shown in Table 6.10, large amounts of electricity 
are being produced from hydro, but renewable sources— 
such as wind or decentralized PV—and small-scale hydro- 
power projects have been increasing in the region in recent 
years. 

Extending national grid electricity to sparsely populated, 
remote, and low-density settlements in the HKH is difficult 
and might not contribute much in improving access to 
electricity in these areas. Small-scale hydropower projects 
may be more suitable for the HKH. These systems could 
help in ensuring sustainable energy and improve rural 
economies and, in the process, check or reduce outmigration 


to urban centres (KC et al. 2011). For instance, in Afgha¬ 
nistan, nearly 50% of the beneficiaries of small-scale 
community-based renewable energy projects in selected 
areas reported that the projects helped them to improve their 
living conditions (Shoaib and Ariaratnam 2016). 

Loka et al. (2014) found that decentralized micro-grid PV 
systems could benefit remote villages because they are both 
viable and cost effective. Proietti et al. (2015) successfully 
tested the possibility of electricity generation from wind in 
high-altitude remote regions of Nepal. Chauhan and Saini 
(2015) found a potential for integrating various sources— 
such as hydropower, biogas, solar, and wind—into off-grid 
energy systems in the mountainous regions of India. In 
addition to electricity generation, solar energy can poten¬ 
tially be used for cooking and heating (Badran et al. 2010). 
Thus, off-grid energy solutions (such as PVor mini-hydro) 
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often offer better options for providing electricity in remote 
areas. Small-scale hydro (micro, mini) can be cost effective 
in some situations but in others it can be quite costly. PV are 
now often cheaper, although significant untapped economic 
potential for mini- and micro-hydro does appear to exist in 
the HKH. The use of solar power for cooking can reduce the 
dependency on other fuels (Yettou et al. 2014), such as 
firewood and fossil fuels. 

To summarize: universal electricity access (through a 
rational combination of grid-connected and off-grid power) 
and elimination of inefficient use of traditional sources for 
cooking and heating (through a sustainable supply of clean, 
affordable, and demand-responsive energy and technology 
options) should be highlighted as a priority in national 
energy agenda. This would also entail recognizing that in the 
short-to-medium term, displacing traditional fuels com¬ 
pletely is unlikely owing to economic and cost imperatives; 
but economic potential exists for greater use of small-scale 
renewable energy options. Some strategic options for sus¬ 
tainable energy development in the HKH may include: 

• establishing an HKH-specific energy database for 
evidence-based policy making; 

• optimizing effective use of biomass through advanced 
cookstoves, upgrading the quality of biomass fuels, and 
increasing access to cleaner fuels such as liquefied pet¬ 
roleum gas (LPG) and electricity to meet cooking and 
heating needs while addressing indoor air pollution; 

• maximizing use of new and renewable decentralized 
resources and technologies, not only to sustain and 
increase economic activities, but also to reduce human 
drudgery, particularly that of women and children; 

• initiating large-scale development of hydropower to 
generate revenue for alleviating the poverty of mountain 
communities while ensuring overall development of 
mountain areas within environmental and social limits; 
and 

• developing an integrated approach for bridging 
demand-and-supply gaps. This could support the princi¬ 
ples of energy self-sufficiency, energy efficiency 
improvements, diversification of revenue sources for 
mountain communities, pricing, market and regulatory 
frameworks, and opportunities for mountains to become 
quality exporters of clean energy. 


6.3 National Energy Policies, Programmes, 
Institutions, and Markets 

Energy policies and programmes follow many diverse 
models and exhibit differences in terms of institutions and 
markets within the HKH. This assessment highlights that: 


• several examples of success and policy experiences with 
regard to electricity access, decentralized energy, and 
energy efficiency could be scaled up. In particular, 
micro-hydro, biogas, improved cook stove (ICS) imple¬ 
mentation, and solar programmes have made the HKH a 
leader in renewable energy and energy efficiency; 

• existing national policy frameworks primarily focus on 
electrification (power sector) with limited attention paid 
to clean energy for cooking; 

• in most HKH countries there is no separate energy policy 

framework for off-grid-based rural electrification, 
although some countries do have renewable energy 
development agencies, off-grid schemes, and 

programmes; 

• generally, the HKH lacks supportive policy, legal, and 

institutional frameworks and innovations in 

mountain-specific technology and financing, or enhanced 
multi-stakeholder capacity building at all levels, for 
scaling-up successful energy programmes in off-grid 
mountain areas; and 

• there is no one-size-fits-all solution for ensuring universal 
access to modern forms of energy given the diverse 
sources of energy supply, a wide portfolio of technolo¬ 
gies, and a variety of institutional and local circum¬ 
stances. Therefore, policies and programmes must be 
tailored according to local needs, resources, and existing 
institutional arrangements and capabilities to deliver 
co-benefits. 


6.3.1 Energy in Relation to National 
Development Strategies 

A review of national policy papers 1 indicates that access to 
energy, energy security, and regional cooperation are the key 
stated energy objectives for every HKH country. The 
countries also share a commitment to electrifying all com¬ 
munities and increasing their use of renewable energy. The 
target year for complete electrification differs from country 
to country and has often been pushed back. For example, 


National policy papers reviewed include, among others, Energy Sector 
Strategy (2007/08-2012/13), Rural Renewable Energy Policy (2013) 
and National Development Strategy (2008-2013) from Afghanistan; 
Power Sector Master Plan (2016), Renewable Energy Policy (2008), 
Perspective Plan 2021 and National Energy Policy (2004) from 
Bangladesh; Integrated Energy Policy (2006), Electricity Act 2003, 
and National Electricity Policy (2011) from India; Intended Nationally 
Determined Contributions and Sustainable Development Goals (2016) 
—National Report (2016-2030) from Nepal; Pakistan Energy Vision 
2035; Pakistan National Power Policy 2013; Myanmar National Energy 
Policy 2013 (draft) and National Sustainable Development Strategy of 
Myanmar 2009. 
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India’s target is to achieve power for all by 2019, whereas it 
is 2030 for Myanmar (World Bank 2015). Similarly, Ban¬ 
gladesh envisions achieving universal access to electricity by 
2021 (Government of the People’s Republic of Bangladesh 
2012) and 100% clean cooking solutions by 2030 
(Government of the People’s Republic of Bangladesh 2013). 
The Nepalese government’s SDG report states that 99% of 
households will have access to electricity by 2030 and only 
10% will be using solid fuels for cooking (Government of 
Nepal 2016). Afghanistan’s target is to achieve near 100% 
access in the urban areas and 65% in rural areas by 2032 
(ADB 2013). 

The region has several examples of on-grid and off-grid 
electrification that have achieved varying degrees of success. 
Some HKH countries have demonstrated scaling-up off-grid 
initiatives that are globally recognized as successful. China 
has been a leader in parallel development of off-grid and 
on-grid electrification to achieve 100% electrification, as 
well as having one of the largest cookstove and biogas 
programmes in the world. Unlike many other countries fol¬ 
lowing the top-down approach to rural electrification, Chi¬ 
na’s success is rooted in a bottom-up approach with strong 
government commitment, active local participation, techno¬ 
logical flexibility and diversity, strong emphasis on rural 
development, and capacity building and training, all of 
which provide lessons for other countries in the HKH region 
(Bhattacharyya and Ohiare 2012). Likewise, Bangladesh’s 
IDCOL is recognized as the world’s fastest growing off-grid 
electrification programme and has already deployed 4 mil¬ 
lion solar home systems using innovative financial and 
technology packages. This has demonstrated that electrifi¬ 
cation programmes targeted at poor communities can be 
scalable and sustainable (Vinci et al. 2015). India has a 
number of programmes including the Jawaharlal Nehru 
National Solar Mission (JNNSM) for mini-grids and off-grid 
applications. Unlike Bangladesh, India adopts a slightly 
different approach to promotion and channels finance to 
banks; however, not as many people are taking loans as had 
been hoped primarily due to perceived difficulty in rectifying 
non-functional devices. In Nepal more than 10% of the 
population has access to off-grid energy through 
micro-hydro, solar home systems, and domestic biogas. 
Afghanistan and Pakistan have included off-grid mini-grid 
programmes under rural infrastructure programmes such as 
the National Solidarity Programme and Pakistan Poverty 
Alleviation programme. There is still room for improvement, 
but there is now sufficient experience from other HKH 
countries to evaluate these initiatives and to provide policy 
recommendations about which programmes work best, and 
under which conditions. Most countries in the HKH now 
have a policy framework for rural electrification. Experience 
shows that while a market-driven approach to off-grid 
renewable energy deployment is key to bringing technology, 


financing, and product innovation, the governments have an 
important role in ensuring that the appropriate environment 
is established for private sector investment. This will 
accelerate the expansion of modern energy services in a 
financially sustainable manner (Vinci et al. 2015). 

Despite the progress and efforts made so far, existing 
governance arrangements and policy frameworks for the 
energy sector are insufficient to address the broad range of 
technical, capacity, and policy and regulatory barriers which 
have hindered promotion of decentralized sustainable energy 
solutions in the HKH. Rahman et al. (2012) observe that 
many feasible hydropower projects are located in remote and 
mountainous areas (where other infrastructure, such as 
accessible roads and high-voltage transmission lines, does 
not exist), highlighting the gaps in policy coherence. Further, 
there are no specific initiatives to improve the overall 
household connection level (Palit and Chaurey 2011). The 
sectoral division of responsibilities without full coordination 
for integrated planning has generally been the rule rather 
than the exception in most energy policy planning processes. 
This has limited the scope for treating energy, water, and 
food in a combined way to maximize synergy and manage 
trade-offs (Sharma and Banskota 2005). In some cases, 
ignorance of mountain specificities is reported to have led to 
improper choice of energy technologies and institutions 
(Rijal 1999; Sharma 2007). Social inclusion and gender 
sensitivity in energy policy analyses and design is still not 
fully integrated into mainstream energy development activ¬ 
ities in the region (Box 6.1). Finally, existing national 
development policy strategies pursued by all HKH countries 
see energy more as an advancement of electrification, and 
place limited emphasis on energy for clean cooking, heating, 
and mechanical power solutions in rural areas. 

Box 6.1 Engendering energy and empowering 
women 

Throughout the Himalayan region, women face the 
burden of fetching heavy loads of fuelwood and spend 
hours in drudgery to meet their daily energy and water 
needs. However, the importance of bringing a gender 
perspective to energy policy analyses and design is 
still not fully appreciated in the region. A recent 
analysis of selected countries revealed that electricity 
policies rarely address gender issues explicitly and that 
policies are mostly gender-blind. For energy to 
become an instrument for poverty alleviation and 
sustainable development, a fundamental readjustment 
of public policies is needed. This should recognize the 
differentiated needs of women and men and, at the 
same time, also focus on integrating women’s roles 
and needs in decision making for supply chains and 
using energy. Gender mainstreaming alone may 
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encounter challenges because women may not be in a 
position to participate on an equal basis because of 
their heavy workloads at home, poor access to finance, 
low literacy, and entrenched gender norms (EFEWEE 
2016; Sharma and Banskota 2005). 


6.3.2 National Energy Policy Framework, 
Programmes, and Markets 

Energy for lighting and enterprises 

A review of the electrification programmes in the HKH 
indicates that most countries in the region have established 
organizations dedicated to rural electrification or formulated 
schemes with supportive legislation to extend electrification 
primarily through central grid extension, either using a 
government-owned utility model or rural electricity coop¬ 
eratives. In most cases, electrification plans for mountain 
communities are included within the national energy plans of 
the respective countries, although in many cases their special 
requirements have not been taken into account when for¬ 
mulating the plans. 

All HKH countries are targeting universal access to 
electricity through a two-pronged approach: (1) rapid 
extension of the national grid; and (2) off-grid electricity for 
areas the grid may not reach. Off-grid technologies have 
been used either through the creation of local mini-grids 
based on solar and/or micro-hydro, or by disseminating 
household-level technology such as solar home systems for 
lighting and powering other low-load devices. For example, 
Afghanistan has acknowledged its national grid will not 
reach 20-25% of the population within the next 20 years. 
These underserved populations will be supplied through 
decentralized renewable energy sources. In India, the 
national rural electrification programme also includes a 
decentralized distributed generation component for 3500 
villages, mostly in the eastern Himalayan mountain pro¬ 
vinces. However, most countries focus on physical infras¬ 
tructure rather than on the quality, availability, and 
affordability of supply: the latter are equally important but 
vary from place to place. 

The electricity grid has been extended mainly by the 
utility-based delivery model (e.g., India, Bhutan), by rural 
electricity cooperatives (e.g., Bangladesh), or by community 
rural electrification (e.g., Nepal). China and India have 
national programmes that subsidize the extension of grid 
electricity to rural areas. For areas where grid extension was 
found to be economically daunting, households are covered 
by off-grid solutions, implemented primarily by state agen¬ 
cies. Bangladesh and Nepal have been following both 


community-led and private sector models (with partial sub¬ 
sidy) for expanding their rural electrification programme 
through grid extension and off-grid interventions. In Nepal, 
the state-owned Nepal Electricity Authority has achieved 
considerable success in promoting electrification in close 
cooperation with community-run local cooperatives 
(Box 6.2). Nepal used an 80/20 (government/local) financing 
model for grid-extended rural electrification for many years. 
According to Nepal’s 2016 renewable energy subsidy pol¬ 
icy, the subsidy amount differs by technology and region, 
but generally covers 40% of the total costs, with approxi¬ 
mately 30% coming from credit and 30% from private sector 
investment, communities, households, in-kind, and/or cash 
(MoPE 2016). 

Box 6.2 Community Rural Electrification Pro¬ 
gramme (CREP) in Nepal 

CREP is a grid-based rural electrification programme, 
was launched in 2003 to expand grid-based rural 
electrification, primarily using hydro resources and 
involving the community. Community involvement 
was sought to achieve operational efficiency in the 
distribution sector, which had seen high system losses 
and poor revenue collection for some years. Consumer 
associations, typically in the form of village coopera¬ 
tives, take responsibility for managing, maintaining, 
and expanding the rural distribution of electricity. In 
addition to local management, communities also pro¬ 
vide a portion of the required funding (around 20%) in 
cash and kind, and the remainder comes from gov¬ 
ernment sources. More than 230 cooperatives in var¬ 
ious parts of the country have reportedly entered into 
agreement for electricity distribution with Nepal 
Electricity Authority (NEA) (Palit and Chaurey 2011). 

Progress in the use of off-grid solutions for rural elec¬ 
tricity supply in the HKH has been mixed. The most com¬ 
mon technologies are solar PV and micro-hydro systems. 
While micro-hydro has been used to supply local mini-grids, 
solar PV technology applications cover solar lanterns, solar 
home systems, and solar PV-based mini-grids. 

In terms of country coverage, Nepal and China have used 
micro hydropower-based mini-grids extensively. Nepal’s 
Rural Energy Development Programme (REDP) is widely 
cited as one of the best examples of off-grid electrification 
programmes, and is centred around the decentralized and 
participatory decision making and a holistic development 
approach. India has implemented almost all off-grid electri¬ 
fication technologies, but solar PV has been the preferred 
modality in the mountains. Small hydro projects in the Indian 
mountains, on the other hand, feed into the national grid. 
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Most off-grid electrification programmes in the HKH 
have been grant-based and donor-driven, and continue to be 
so in Myanmar, Nepal, and Pakistan. Markets have emerged, 
however, for stand-alone solar systems in Bangladesh and 
India (Palit and Bhattacharyya 2014). Palit and Chaurey 
(2011) indicate that while community-based models are 
often adopted for mini-grid-based electrification, 
fee-for-service, leasing, and consumer financing were used 
to promote individual solar home systems. Bangladesh has 
covered approximately 4 million off-grid households with 
solar home systems using an innovative consumer financing 
model; this consists of a combination of soft financing, 
institutional development, and product buy-down grants. 
Local grassroots organizations with experience in 
micro-financing were engaged to assist this approach. Other 
countries—such as Afghanistan, Bhutan, Myanmar, and 
Pakistan—have developed off-grid systems relatively 
slowly, although they have made progress in recent years. 
The role of the private sector is paramount in providing 
cost-effective solutions that do not depend on public subsi¬ 
dies alone; these are often run by local entrepreneur-driven 
supply chains (for example, the Lighting India programme). 

Energy for cooking and heating 

While electricity access programmes in HKH countries have 
received the necessary attention from policy planners and 
governments, energy access for cooking continues to be an 
overlooked but critical issue in all countries of the region. 
Policy makers have also failed to influence a shift from 
biomass-based cooking in rural areas. From India, Srivastava 
and Rehman (2006) observe that subsidies on LPG and 
kerosene have mostly benefited middle- and high-income 
rural households and the urban poor. Palit et al. (2014) find 
that India’s 2010 National Biomass Cookstove Initiative 
(NBCI) is neither well-organized, nor has received the 
resources necessary for it to be successful in comparison to 
the national rural electrification programme. 

Today, most cash-poor rural households, especially the 
mountain community, continue to use biomass (available at 
zero cash outlay) instead of commercial cooking fuels, even 
when those commercial fuels are subsidized. Part of the 
reason is that the time saved by using commercial cook- 
stoves does not necessarily result in increased 
income-generating time for rural populations. Also, a lack of 
awareness about the health benefits of cleaner cooking fuels 
is not yet appreciated locally because of ingrained gender 
biases. Electricity, on the other hand, is regarded as an 
aspiration which can also provide people the opportunity to 
earn more. Cleaner cooking devices, however, are consid¬ 
ered expensive and thus usually avoided (Palit et al. 2014), 
again as a result of clear gender biases where women’s 
health and safety receive lower attention. A study by Kishore 


and Spears (2014), using national survey data from India, 
shows that having a son increases the use of clean cooking 
fuel in Indian households. 

Although there has been limited success in shifting from 
solid biomass fuels to other cleaner sources, some HKH 
countries have promoted biogas as an alternative cooking 
energy, and China and Nepal have successful biogas pro¬ 
grammes. However, in Bhutan, the shift from biomass is 
towards electric devices for cooking (Palit and Garud 2010). 
Induction cookstoves were introduced into one of the Indian 
mountain states some years ago, but Banerjee et al. (2016) 
observe that the intervention has largely replaced LPG and 
not necessarily firewood from the fuel mix (Box 6.3). While 
evidence from the HKH does not yet appear in the published 
literature, there is anecdotal evidence about the increase in 
use of rice cookers in rural areas of HKH. In Vietnam, 55% 
of households in rural areas started using rice cookers after 
they were connected to the grid (World Bank 2011). In the 
Khumbu Bijuli Company supplied area in Nepal, 54% of the 
customers of micro-hydro have sufficient power subscription 
(1.25 kW) to meet the amount of the electricity used for 
cooking during off-peak hours. In 2016 the Government of 
India launched a large-scale clean cooking programme, 
Pradhan Mantri Ujjwala Yojana (PMUY), targeted to pro¬ 
vide 80 million LPG connections to underprivileged 
households. The connection is provided in the name of a 
woman member of the household, and half of the up-front 
total capital cost (equivalent to total ~USD50) required for 
a new connection is waived, while the balance can be an 
interest-free loan. While PMUY has enabled 32 million poor 
women to access subsidized LPG within 20 months since its 
launch in September 2016, initial reports on programme 
performance indicate on average only four refills per 
household. Kar et al. (2018) observe that primary LPG users 
(i.e., 4-5 cylinders per year) account for only 38% of UJJ¬ 
WALA beneficiaries, and the majority (42%) are more 
occasional users using 2-3 cylinders annually, or rare users 
(20%) who have not come back for refills. 

Box 6.3 Induction stoves as an option for clean 
cooking 

Clean cooking initiatives generally consider improved 
biomass stoves, biogas, or LPG as potential carriers. 
Electricity is rarely considered a fuel option as there is 
a shortage of infrastructure. In induction cooking, a 
cooking pot is heated by magnetic induction instead of 
thermal conduction. A survey of 1000 households in 
Himachal Pradesh, India, indicates that 84% of the 
beneficiary households using LPG as a secondary 
cooking fuel shifted to the induction stoves and that 
only 5% of the beneficiary households displayed a 
shift in their primary cooking from firewood to 
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induction stoves. The study concludes that under¬ 
privileged households are less likely to use commer¬ 
cial fuels for cooking, either because the expenditure 
on electricity is likely to increase, or because they can 
only alford the minimal cash outlay required for bio¬ 
mass. However, there may be ideal areas in mountain 
regions to introduce electricity as a cooking fuel 
option, particularly where cheap and reliable electric¬ 
ity from hydropower is available (Banerjee et al. 
2016). Of households surveyed in this study, 42% 
used a 1300 W device for an average of 2 h a day 
(78 KWh per month), a cost of USD4.10 per month. 

Despite these advances, solid fuels will remain an 
important cooking fuel in the near future, especially in the 
mountains. For this reason, creating more energy-efficient 
cookstoves will be an important project, particularly as this 
technology faces several barriers to more widespread adop¬ 
tion (Khandelwal et al. 2016; Palit and Bhattacharyya 2014). 
National experiences with stove programmes in the HKH 
indicate that strong technical and administrative capacity, 
sound programme design, sustained national-level attention, 
and high-level government support are imperative for suc¬ 
cessful cookstove programmes (Kandlikar et al. 2009). The 
Chinese National Improved Stove Program (NISP) deployed 
120 million improved cookstoves from 1983 to 1996, and is 
widely regarded as one of the world’s most successful 
Chinese projects in energy efficiency and rural development 
(Smith et al. 2007). Conversely, the Indian National Pro¬ 
gramme for Improved Chulhas (NPIC) was considered a 
failure (Hanbar and Karve 2002) despite distributing 90 
million improved cookstoves between 1983 and 2002. 
India’s failure is generally attributed to its top-down 
approach and dissemination of non-user-friendly stoves 
(though with much higher efficiency level than traditional 
stoves) and stoves with lower life (e.g., mud stoves). China’s 
success was owing to strong administrative, technical, and 
outreach competence, and resources situated at the local 
level (Sinton et al. 2004). China has integrated the Clean 
Stove Initiative into its action plan for energy conservation 
and emissions reduction contained in its Twelfth Five-Year 
Plan (World Bank 2013). 

Given the mixed results of many programmes in the past, 
it is now widely accepted that developing sustainable 
biomass-based cookstoves requires consideration of not just 
the thermal performance of the stove. The behaviour of users 
and their participation in the design, marketing, and main¬ 
tenance of cookstoves; commercial scalability; and moni¬ 
toring of effectiveness through education and outreach 
efforts to promote use also need to be taken into account 
(World Bank 2013). Limited affordability also hinders the 


promotion of cookstoves, and so suitable financing mecha¬ 
nisms to support adoption need to be explored (Palit and 
Bhattacharyya 2014). In terms of a policy framework, gov¬ 
ernments could support the development of performance and 
quality standards of advanced biomass stoves and remove 
import duties or value-added tax (VAT) so that attractive 
technologies can be imported from other countries in the 
region. A mountain-specific requirement is that international 
standards such as the ongoing International Organization for 
Standardization (ISO) process for improved cookstoves 
(ICS) includes performance of space heating stoves within 
the multi-tier framework, along with cookstoves bench¬ 
marking efficiency, indoor and outdoor emissions, and 
safety. 

Fuel stacking, when households simultaneously use 
multiple fuels for the same purpose, is common in the region 
and also needs to be considered. Cheng and Urpelainen 
(2014) observe that, owing to constraints on the availability 
of LPG, stacking of LPG and traditional biomass has grown 
rapidly in India over the past two decades. The same phe¬ 
nomenon has also been observed in a national-level study by 
Jain et al. (2015) in India and by Palit and Garud (2010) in 
Bhutan, as well as in a local level study by Banerjee et al. 
(2016) in Himachal Pradesh. 

Institutional arrangements and governance mechanisms 

In all HKH countries, the commercial energy sector is reg¬ 
ulated by the government and, in some cases, the govern¬ 
ment is directly responsible for supply, albeit through 
multiple agencies. For instance, the Ministry of Energy and 
Water (MEW) in Afghanistan manages and operates the 
power sector through nine departments and four public 
sector organizations. 2 In China, the National Development 
and Reform Commission (NDRC), its main development 
planning body, manages the energy sector through the 
National Energy Bureau. In addition, the National Energy 
Administration of China is responsible for the development 
of policy instruments, standards, laws, and regulations. In 
India, both federal and provincial governments have juris¬ 
diction over electricity. While the jurisdiction of provincial 
governments includes generation, intrastate transmission, 
and distribution, the federal government’s purview includes 
policy formulation, generation, and interstate transmission. 
In the rural electrification sector, principal actors have tra¬ 
ditionally been state electricity utilities, because they were 
responsible for distribution in the states. However, the Indian 
federal government is now directly implementing a rural 


2 Da Afghanistan Breshna Sharkat, or DABS, is the largest of these 
Afghan organizations and is responsible for the generation, transmis¬ 
sion, and distribution of electricity; operation and maintenance of 
assets; and sales of electricity and revenue collection. 
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electricity infrastructure development programme to provide 
access to universal electricity in a time-bound manner. 

Government institutions have also played a key role in 
promoting off-grid electrification. Almost all countries have 
dedicated agencies for promoting the renewable energy 
sector. Nepal started to develop the off-grid market after 
establishing the Alternate Energy Promotion Centre (AEPC) 
in 1999. Under the AEPC, donor-supported programmes— 
the Energy Sector Assistance Programme (ESAP) and REDP 
—substantially helped to promote the supply of off-grid 
energy. In India, the Ministry of New and Renewable 
Energy is the nodal ministry for promotion of renewable 
energy-based off-grid interventions. Bangladesh, China, and 
Pakistan also have agencies dedicated to the development of 
the sector. Although Afghanistan does have a specialized 
agency, its Ministry of Power has implemented several 
off-grid networks based on micro-hydro, small diesel units, 
or renewable energy sources. 3 Most of the micro-hydro and 
solar home systems in Afghanistan have been installed under 
the National Solidarity Programme, which was a programme 
under the Ministry of Reconstruction and Rural Develop¬ 
ment (MRRD). In Myanmar, off-grid electricity is handled 
by the Department of Rural Development (DRD) under the 
Ministry of Agriculture. 

6.3.3 Cross-Regional Experiences 
and Recommendations 

Challenges to national energy policy can be categorized in 
four ways: technical, financial, regulatory, and institutional. 
According to those categories, we make the following 
recommendations: 

The energy sector in each country is governed individu¬ 
ally by legal, regulatory, and policy frameworks with little 
or no coordination between the energy sector institutions 
and regulators. While institutional structures exist in all the 
countries in the form of relevant energy ministries and 
energy subsector institutions, the ability of the institutions to 
deliver the desired impacts varies from country to country. 
Regional coordination between countries is also lacking, and 
this can multiply regulatory risks for future cross-border 
energy transactions. This lack of coordination also hinders 
the exchange of ideas and experience from which HKH 
countries could mutually benefit. 

The rate of success for promoting rural electrification 
depends on the government’s commitment to creating and 
supporting an enabling environment. Bhutan, Pakistan, 


3 Khan Muhammad Alamyar, Renewable Energy for Sustainable 
Development, Economic Policy Directorate, Ministry of Economy, 
pers. comm., April 2014. 


China, and India provide examples where we can see that an 
enabling policy development and targeted approach have 
helped to increase the electrification rate substantially. All 
rural electrification projects examined have involved a sig¬ 
nificant subsidy (especially capital) component. However, 
different approaches have been adopted for grid-based and 
off-grid electrification. 

Off-grid electrification, through mini-grids or otherwise, 
has been developed mainly through community-centred 
projects. The top-down approach has been adopted pri¬ 
marily by extending the grid to rural areas, with planning 
and implementation undertaken by federal- or provincial- 
level agencies. The approach to off-grid electricity devel¬ 
opment thus lacks an organized delivery model, which has 
hindered its scaling-up despite the huge potential in the 
region. Based on rural electrification experience in India, 
Palit et al. (2014) observe that an appropriate institutional 
structure should be a mixture of both participatory and 
multi-level approaches, while local issues could be better 
addressed through a participatory mode of governance, 
policy, regulatory, and financing at appropriate intermediary 
and/or higher levels. 

Merely fixing targets for village electrification is not 
sufficient unless effective implementation and monitoring are 
in place to connect rural households and also to ensure 
sustained electricity supply. While the level of village 
electrification in Bangladesh and India is high, the actual 
number of connected households is relatively low as not all 
households in the villages are electrified. The key issue is 
thus to improve household-level connection and to provide a 
sustained electricity supply to rural areas in line with 
demand, and not just a satisfactory overall rate of extending 
the electricity infrastructure to the villages. 

Sharing information on energy sector policies and plans, 
and the respective legal, institutional, and regulatory 
frameworks and lessons are expected to result in strong 
confidence building among HKH countries. Such sharing 
platforms are currently limited and are needed. Enhancing 
institutional capacity for improved coordination and imple¬ 
mentation of the joint activities to promote regional energy 
cooperation will also be important. 


6.4 Challenges and Opportunities 
for Sustainable Energy 

6.4.1 Key Sustainable Energy Concerns 
in the HKH 

As a cornerstone of growth and human development, SDG 7 
aims to provide access to modem energy to all people by 
2030 in an efficient manner, using modem forms of energy. 
However, despite all the efforts made thus far, providing 
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Table 6.11 Indicators for evaluating energy sustainability in HKH 


Dimension 

Indicators 

Theme 

Measurement description (Units) 

Economic 

Per capita electricity consumption 

Per capita use 

Ratio of total final electricity 
consumption to total population (kWh 
per capita) 

Household income share spent on 
fuel and electricity 

Affordability 

Share of household expenditure on fuels 
and electricity to the total household 
income (%) 

Cooking/heating energy conversion 
efficiency 

End-use efficiency 

Share of useful energy to the 
consumption of final energy (%) 

T&D losses 

Delivery efficiency 

Transmission and distribution line losses 
(%) 

Share of renewable energy in 
electricity generation 

Renewability 

Contribution of renewable energy 
generation in the total HKH electricity 
supply (%) 

Diversification of energy in HKH 
(by fuel types/sources) 

Diversification 

Diversified energy mix and share of 
import energy in the total primary 
energy (%) 

Social 

HKH population without electricity 

Accessibility 

Percentage of population without 
electricity (%) 

Share of HKH population still using 
traditional solid fuels 

Percentage of HKH 
population/households using traditional 
solid fuels for cooking/heating and other 
household energy uses 

Disparity in electricity distribution 

Disparity 

Ratio of electricity use of lower quintile 
to electricity use of upper quintile 

Disparity in clean energy distribution 

Ratio of clean fuel use of lower quintile 
to clean fuel use of upper quintile 

Unplanned interruptions/year 

Reliability 

Number of days of power supply 
interruption (unplanned) each year 

Environmental 

GHG emissions from energy 
production and use per capita 

Global impact 

Annual GHG emissions from energy 
production and use per capita (kg/capita) 

Impact of HAP from energy systems 

Local impact 

DALYS per 1000 people 

Annual rate of change in forest area 

Extent of forest land (%) 


Source Geng and Ji (2014), Gupta (2008), Mainali et al. (2014), Sovacool (2013), Vivoda (2010) 

DALYS, disabled adjusted life years; GHG, greenhouse gas; HAP, household air pollution; T&D, transmission and distribution 


sustainable energy access in hilly and mountain regions 
remains a challenge (Mainali and Silveira 2013). Lack of 
access to technology, infrastructure, finance, and subsidies, 
and the high up-front costs of new technologies, pose 
additional major challenges. Limited investment in the 
renewable sector in most HKH countries has impeded har¬ 
nessing of the full potential capacity of renewable energy 
sources (Pode et al. 2016). 

The framework we employ to define and measure sus¬ 
tainable energy determines the way we design and implement 
any strategies for sustainable energy solutions. Adopting a 
systematic framework to assess and monitor energy systems 
has received as much attention in energy policy strategies, 
especially for achieving SDG 7, to ensure that they are 
equally robust enough to adapt to anticipated climate-related 
impacts. Such a framework must be holistic and rooted in the 
three dimensions of sustainability (social, economic, and 


environmental) while aligning with the three pillars of sus¬ 
tainable energy (i.e., the targets of SDG 7 and sustainable 
energy for all (SE4ALL)—access to modem energy, energy 
efficiency, and renewable energy. Table 6.11 outlines such a 
framework, using a set of underlying indicators to capture 
accessibility, affordability, disparity, security, renewability, 
and environmental concerns (Geng and Ji 2014; Gupta 2008; 
Mainali et al. 2014; Sovacool 2013; Vivoda 2010). 

In the social dimension, two key indicators that describe 
accessibility are populations with access to electricity and 
using non-solid fuels. A distinct positive correlation exists 
between the use of electricity and the human development 
index (HDI), especially for low- and medium-income 
countries (Gomez and Silveira 2010). The correlations are 
even stronger in low-income HKH countries (Table 6.12). 

In terms of economics, affordability and secure energy 
supply are key concerns. Without affordability, people in 
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Table 6.12 Electricity per capita and HDI of HKH countries (1990-2012) 


HKH countries 

1990 

2000 

2010 

2012 


KWh/Cap 

HDI 

KWh/Cap 

HDI 

KWh/Cap 

HDI 

KWh/Cap 

HDI 

Bangladesh 

48 

0.386 

102 

0.468 

241 

0.546 

276 

0.563 

China 

511 

0.501 

993 

0.588 

2944 

0.699 

3475 

0.718 

India 

273 

0.428 

395 

0.496 

644 

0.586 

724 

0.600 

Myanmar 

43 

0.352 

74 

0.425 

122 

0.520 

153 

0.528 

Nepal 

35 

0.384 

59 

0.451 

103 

0.531 

119 

0.540 

Pakistan 

278 

0.399 

373 

0.444 

467 

0.522 

452 

0.532 

Correlation coefficient 

0.927 

0.915 

0.966 

0.965 


Source UNDP (2015), World Bank (2016a, b) 
HDI, human development index 


Table 6.13 C0 2 emissions from fossil energy in 2016 



Afghanistan 

Bangladesh 

Bhutan 

China 

India 

Myanmar 

Nepal 

Pakistan 

Total 

MtC0 2 

12 

82 

1.1 

10,151 

2431 

24 

9.1 

189 

12,899 

% 

0.1 

0.6 

0 

78.7 

18.8 

0.2 

0.1 

1.5 

100 


Source Global Carbon Atlas (2017). http://www.globalcarbonatlas.org/en/C02-emissions 
MtC0 2 , million ton of carbon dioxide 


Table 6.14 Renewable share in total electricity generation in HKH countries 



Afghanistan 

Bangladesh 

Bhutan 

China 

India 

Myanmar 

Nepal 

Pakistan 

Share of renewable energy in total 
electricity generation (%) 

85.3 

1.3 

100.0 

22.6 

15.4 

62.4 

100.0 

30.2 


Source Based on World Bank database for the year 2014, available online at https://data.worldbank.org/indicator/EG.ELC.RNEW.ZS?locations= 
AF&view=chart 


these regions cannot benefit from available energy. The poor 
normally spend a significant share of their income on elec¬ 
tricity and cooking fuels (Mainali et al. 2012, 2014; Pachauri 
and Jiang 2008). Diversifying energy mixes and supply 
sources, and increasing the share of renewable energy in 
electricity generation, can be important energy supply 
solutions. 

Environmentally, reducing carbon intensity and air 
pollution-related health hazards remain central concerns 
throughout the HKH (see Chap. 10). Currently, about 80% 
of GHG emissions from the energy sector in HKH countries 
come from China, followed by India (19%) (Table 6.13). 

A study from Nepal also points out contradictory policies 
(e.g., subsidies for both renewable energy and fossil fuels) 
that may, in fact, impede the transition towards sustainable 
energy (KC et al. 2011). Sheikh (2010), in a study in Pak¬ 
istan, identifies a lack of policies to encourage private 
companies in the renewable energy sector as one of the 
impediments for the transition. Despite all the efforts made, 
providing access to sustainable energy in the hilly and 
mountain regions still remains a challenge (Mainali and 
Silveira 2013). Among HKH countries, the share of 


renewable energy in total electricity generation is high in 
Bhutan (100%) and Nepal (100%) but lower in other 
countries such as Bangladesh (1.3%) and India (15.4%) 
(Table 6.14). 

Figure 6.6 shows the performance of HKH countries in 
terms of regulatory indicators for sustainable energy (RISE) 
score. This is grounded in 27 indicators to capture the 
quality of policies and regulations for the three pillars of 
SDG 7 and SE4ALL—energy access, renewable energy, and 
energy efficiency (Banerjee et al. 2017). Of the possible 
maximum of 100, scores range from 81 in China to less than 
25 in Afghanistan, where the energy efficiency performance 
scoring is the lowest in all HKH countries. 

6.4.2 Links Between Energy and the SDGs: 
Synergies and Trade-offs 

Energy is crucial for achieving almost all SDGs. The syn¬ 
ergies and trade-offs between energy and other SDG goals 
happen at multiple levels. McCollum et al. (2017) and 
Nilsson et al. (2016) define the nature and extent of such 
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Fig. 6.6 Performance of HKH 
countries in regulatory indicators 
of sustainable energy (RISE) 
(score value in 2016). (Source 
IEA and World Bank 2017) 
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linkages from synergies (indivisible, reinforcing, and 
enabling), to no interactions, to trade-offs (constraining, 
counteracting, and cancelling). Globally, McCollum et al. 
(2017) show that access to clean energy enables countries to 
meet all other SDGs. Goal 7 (energy) reinforces all SDGs 
except Goals 4 (education), 5 (gender), 8 (work and econ¬ 
omy), and 10 (inequality). Goal 11 (cities) is inseparable 
from Goal 7 (energy). Globally, Goal 7 (energy) also pre¬ 
sents some level of trade-off with Goals 2 (hunger) and Goal 
15 (land) in particular, and constrains the seven other goals. 
It is important to understand the interlinkages among various 
SDGs to create synergies, and also to understand that the 
hierarchy of needs among these goals is important (Mainali 
et al. 2018). Electrification may not be the first priority if 
people are facing hunger and need clean water. Failures have 
been seen in Nepal and Peru where energy programmes 
wrongly targeted poor villages where hunger needed to be 
addressed before energy. 

In the HKH region, access to clean energy and energy 
efficiency reduces indoor air pollution (Goal 3), which 
affects women (Goal 5) and children disproportionately. 
Women in the HKH are more vulnerable to energy poverty 
than men. The gender inequality index (GII) published by 
UNDP in 2012 shows huge gender inequality in HKH 
countries (ranging from 0.464 in Bhutan to 0.617 in India) 
(ENERGIA 2015). Access to improved or modem energy 
sources can reduce the physical burden associated with 
carrying wood, and frees up valuable time which could be 


used for other productive purposes, while reducing health 
risks posed by indoor pollution. However, this link is very 
poorly addressed in energy policies as well as in the gender 
policies of the region. Harnessing abundant renewable 
energy resources reduces fossil fuel use within and outside 
the region and thus supports climate change mitigation (Goal 
13). The HKH has hydroelectricity potential of over 500 GW 
(Vaidya 2013) of which a large part could be exported with a 
suitable benefit-sharing mechanism to promote local liveli¬ 
hoods and infrastructure for economic development (Goal 
8). Use of biomass as an energy resource, however, must be 
complemented with relevant technologies, or might lead to 
the production of black carbon (Goal 13) and unsustainable 
land use changes (Goal 15). Greater access to energy could 
provide opportunities for entrepreneurship and stimulate 
economic development. Access to electricity and clean 
energy improves livelihoods and the economy, which could 
help in improving adaptive capacity (Perera et al. 2015). 

SDGs can affect the energy SDG Goal. Climate change 
(Chap. 3) could have several impacts on the HKH region’s 
water availability for hydropower and energy infrastructure, 
and thus for energy security. Energy intensity could increase 
owing to the need to pump water (as a result of water table 
drawdown). Land degradation and potential consequences 
for agricultural productivity could affect the supply of bio¬ 
mass (ICIMOD 2011). 

Understanding how these multiple targets and SDGs cut 
across different sectors, and are linked, may help in the 







190 


S. Dhakal et al. 


design and appraisal of common strategies and cross-sectoral 
policies for integrated development programmes in the 
region (Mainali et al. 2018). 

6.4.3 Assessing the Vulnerability of Vital Energy 
Services and Systems 

Supply-side vulnerability: security of primary energy sup¬ 
ply sources’. Vulnerabilities in sustainable energy systems in 
the HKH are often interlinked with hydropower develop¬ 
ment and losses in agricultural productivity linked to the 
primary supply of biomass sources. The great dependency of 
primary energy supplies on biomass indicates a high risk for 
fuel security in extreme climatic events. Another important 
mechanism that may discourage the use of clean and mod¬ 
ern energy sources is the pricing of energy (IEA 2015). 
Subsidizing energy is an important instrument for address¬ 
ing price-induced vulnerabilities in the supply of energy 
sources to end-users in this region. In spite of this, there are 
claims that subsidies on energy were generally dispropor¬ 
tionately beneficial to richer households and were drawn 
from other development-related expenditures (Parajuli et al. 
2014; TERI and USD 2012). Globally, studies have shown 
that energy subsidies generally benefit the rich more than the 
poor, because of how subsidies are designed and imple¬ 
mented. Capped lifeline tariff subsidies up to a maximum 
consumption level can be effective in dealing with energy 
poverty, although the rich also get this subsidy. Overall 
tariff price subsidies are inefficient policy instruments. 
Subsidized loans for the poor to access modem energy ser¬ 
vices (e.g., PV/biogas technologies) or preferential taxation 
treatment for specific technologies (reduced import taxes and 
duties), and programmes and policies to support private 
sector service providers (for example, Lighting Asia) can 
often be more efficient instmments if designed and applied 
correctly. 

The degree of energy self-sufficiency (indicated in terms 
of the ratio of alternative energy technologies to the TPES) 
indicates the capacity of a country to withstand shocks that 
result from vulnerabilities in the energy supply. Even large 
countries like India and China are considered poor and 
vulnerable when it comes to this measure of energy 
self-sufficiency (Sovacool et al. 2011). Furthermore, the 
energy import dependence of a country also helps us 
understand its vulnerability to potential energy shocks. From 
1996-2009 in Nepal, the annual growth in commercial 
energy imports (covering all forms of fossil fuels and 
excluding electricity) was 2.5%. This is often related to the 
amount of export earnings spent on imports. For example, in 
Nepal in the fiscal year 2015-16, the import of petroleum 
products was equivalent to 97% of the total value of exports 
(TEPC 2017). However, energy self-sufficiency and 


reliability or vulnerability are not always positively corre¬ 
lated. For example, a country could be fully self-sufficient 
through hydropower generation, but be highly vulnerable to 
prolonged droughts. Energy supply diversity is essential for 
reducing vulnerability, but so is increased integration and 
connectivity with wider energy systems. 

Demand-side vulnerability: security of energy services in 
end-use sectors : While supply of energy in HKH countries 
remains a challenge, demand in these countries has contin¬ 
ued to grow. The scale of electricity shortages (gaps between 
supply and peak demand) in most HKH countries is enor¬ 
mous. For example: 1990 MW for Bangladesh, 10,296 MW 
for India, 336 MW for Nepal, and 5230 MW for Pakistan; 
these figures represented 32, 12, 44, and 45% of the total 
installed capacity of the respective countries, respectively, 
and shortages are increasing over time (Rahman et al. 2011). 
Such shortages affect various sectors of the economy. 
In HKH countries, the contribution of groundwater to irri¬ 
gation is three-fifths of the region’s irrigation water (Shah 
2010) and this could increase energy demand as the popu¬ 
lation grows and the water table falls. Parajuli et al. (2014) 
stress that the growth in the agricultural sector’s contribution 
to Nepal’s GDP was largely influenced by access to energy 
and the status of energy consumption in that sector. 
Demand-side vulnerability could be much more complex, 
emanating from regulatory, perverse incentives from subsi¬ 
dies and very poor energy efficiency (a neglected area in 
HKH countries and policy settings). 

6.4.4 Overcoming Barriers and Seizing Potential 
Opportunities 

Despite all the concerns and vulnerabilities identified above, 
the HKH region has several opportunities to enhance its 
energy security in a sustainable manner. 

Studies have shown that quicker transition from tradi¬ 
tional to modem fuels in cooking can be achieved by cou¬ 
pling a well-targeted subsidy policy along with availability 
of easy credit (Ekholm et al. 2010; Mainali et al. 2012). The 
financial burden of such a policy needs to be evaluated 
alongside the benefits it can bring—namely, reductions in 
adverse impacts on health and GHG emissions, and general 
improvements in people’s socioeconomic situations. The 
opportunity that arises here should not be missed. 

For energy importing countries, diversification of sources 
of imported energy can reduce risks (Geng and Ji 2014). 
Energy resilience is possible through different measures, 
such as trade and product diversification with respect to 
petroleum products, increasing storage capacity to meet the 
regular energy/fuel demand, increasing the stake in decen¬ 
tralized energy, establishing better energy and power 
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connections across borders, and improving energy conser¬ 
vation initiatives. These require structural changes in both 
demand-and-supply management. 

It is critically important to develop strategic plans and 
policies for meeting the demand for sustainable energy with 
the aim to address the challenge of increasing electricity def¬ 
icits, avoiding the dominance of a single fuel type in electricity 
generation, and decreasing the dependency on imports (ADB 
2012). The region has abundant renewable energy resources 
but these are unevenly distributed geographically (Saroha and 
Verma 2013), increasing the threat of inter-country conflict 
(ESCAP 2013). Harnessing available energy resources 
through mutual cooperation (e.g., technology development, 
investments, and trade) can strengthen the energy security of 
the region (ESCAP 2013; Taliotis et al. 2016). 

Although biomass is technically renewable, heavy reli¬ 
ance on its traditional use is responsible for serious health 
effects and environmental problems. Reduced dependency 
on traditional biomass through more efficient renewable 
energy technologies is desirable, even though it reduces the 
share of renewable energy overall. However, improved 
energy efficiency measures through deployment of efficient 
cooking and heating technologies, and renovation of build¬ 
ings, can also increase the renewable energy share by 
reducing overall final energy consumption (denominator of 
energy intensity) through avoided energy consumption. 

Clearly, integrated thinking around renewable energy and 
energy efficiency is essential for a transition to a more sus¬ 
tainable energy future in the HKH region. Increasing the 
share of renewable energy requires not only rapid energy 
efficiency improvement measures, but also the adoption of 
major transformative policies. More specifically, a success¬ 
ful energy efficiency strategy requires a number of 
supply-side and demand-side measures, including: 

• careful energy planning through establishing solid data 
on energy end uses for proper estimation of energy effi¬ 
ciency potential, and setting proper priority energy effi¬ 
ciency objectives and targets; 

• development of energy conservation policies such as 
standards and appliance labelling, as well as mandatory 
energy audits, while also strengthening the compliance 
and enforcement mechanism with sufficient dedicated 
resources and strong institutional capacity to meet these 
standards; 

• a combination of information, awareness, and incentives 
to encourage consumers to adopt energy-efficient tech¬ 
nologies, and producers to invest in technology innova¬ 
tion and meet energy performance standards; 

• introducing cost-reflective electricity tariffs through 
phasing out subsidies on energy prices for all consuming 
sectors to unlock the potential of energy efficiency; and 


• leveraging private investment in energy efficiency by 
establishing funding mechanisms to jump-start energy 
efficiency financing to help an energy service company 
(ESCO) overcome the initial high set-up costs. 

There are major challenges in meeting the SDGs (Weitz 
et al. 2014) and there is a lack of coordination among var¬ 
ious line agencies within the energy sector and across the 
other sectors (water, sanitation, agriculture etc.). However, 
the opportunities for the HKH region are immense as 
international technology and financial mechanisms for 
operationalizing the Paris Agreement on Climate Change are 
being devised. To benefit from these developments, proper 
institutional structures and mechanisms must be established 
for creating a bridge that links multiple global initiatives and 
targets. 


6.5 Future Energy Scenarios and Pathways 

Given the current energy scenario, and the identified barriers 
and vulnerabilities, HKH countries must have a future plan 
for the region that empowers them in meeting their sus¬ 
tainable energy goal as well as all related SDGs, and to 
contribute to the climate goals. Future scenarios and transi¬ 
tions must drive sustainable development and emerging 
concerns such as low-carbon development, which requires a 
better understanding of possible pathways. 

As energy transitions are often slow and lack a 
one-size-fits-all-solution, reaching such a sustainable future 
could entail multiple pathways depending on the local con¬ 
text, policy ambitiousness, and political commitment. The 
lack of data and knowledge gaps on resource availability, 
economic feasibility studies of sustainable energy tech¬ 
nologies, and demand profile could be key limitations in the 
HKH. 

The HKH’s future long-term scenario could aim to fully 
harness hydro and other renewable energies with efficient 
and clean technologies to allow a sustainable energy tran¬ 
sition. For clean cooking energy transition (and especially 
for transition to 100% electric cooking) the region must 
aspire to ensure complete replacement of traditional, ineffi¬ 
cient sources of energy with clean, sustainable energy 
options that are efficient, reliable, affordable, and 
demand-responsive. For electricity access, decentralized 
(off-grid) electrification is the cornerstone of sustainable 
solutions in the HKH because of the remoteness of settle¬ 
ments where grid extension is not always feasible. 

A broad range of barriers (policies, technical, economic, 
institutional, regulatory, sociocultural, and environmental) 
continue to hinder transition to sustainable energy in the 
HKH in the absence of mountain-specific national energy 
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development strategies. The region must seize the emerging 
opportunities to confront these barriers in the context of the 
implementation of SE4ALL, SDGs, and the Paris Climate 
Agreement. 

6.5.1 Future Energy Scenarios of HKH Countries 

Of the eight member countries of the HKH, China and India 
are shifting the centre of gravity of the global energy system 
towards Asia. However, the situation in the HKH—which 
accounts for 9% of the population of these countries and less 
than 7% of GDP—may continue to remain precarious. Using 
country-level data from China and India to derive sensible 
directions for individual HKH countries may result in dis¬ 
tortions, but nevertheless represents a worthwhile start in 
beginning the process and identifying knowledge gaps. 
Five HKH countries have more than 50% of their population 
residing in mountainous regions. Nepal and Bhutan are fully 
contained within the HKH and 83% of Afghanistan’s pop¬ 
ulation is situated in the Himalaya. 

When exploring future energy scenarios of the HKH it is 
also important to bear in mind the implications of climate 
pledges on energy choices made by these countries. Bhutan 
intends to remain carbon neutral with emissions of GHGs 
not exceeding the estimated 6.3 Mt C0 2 eq carbon seques¬ 
tration by forests. Nepal has committed to achieve 80% 
electrification through renewable energy sources by 2050, 
while reducing dependency on fossil fuels by 50% and 
maintaining 40% of the total area of the country under forest 
cover. Afghanistan outlined its intended contribution of 
reducing its GHG emissions by 13.6% below the 2030 
business as usual (BAU) scenario (UNFCCC 2015). 
Myanmar has provided a list of policy actions in the energy 
and forestry sectors. Pakistan showed commitment to reduce 
up to 20% of its 2030 projected GHG emissions. China and 
India committed to 30-45% (from 2007) and 33-35% (from 
2005) reductions in GHG emissions per unit GDP by 2030. 
Many of these targets are conditional: subject to affordabil¬ 
ity, provision of international climate finance, transfer of 
technology, and capacity building. 

Table 6.15 summarizes the growth projections of the 
Asian Development Bank (ADB) for the countries of the 
HKH up to 2035. Unfortunately, no projections exist for the 
delimited HKH region per se, and these are for the HKH 
countries as a whole. Total primary energy demand under 
the BAU case is projected to grow by 2035 in all HKH 
countries, with the highest annual average rate being recor¬ 
ded in Afghanistan (6.5%), followed by Bangladesh (3.7%). 

Not only will the total primary energy demand be greater 
in the BAU scenario, but the share of fossil fuels in the 
primary energy mix is also likely to increase in all countries 
by 2035. Table 6.16 presents the future carbon and energy 


intensity outlook to 2035. While the energy and emissions 
intensity decreases in BAU and alternative scenarios, 
Afghanistan’s emission intensity increases in the outlook 
period 2010-35 (ADB 2015). Increasing the share of 
renewable energy sources and introducing efficient tech¬ 
nologies under the alternative scenario will reduce the 
overall energy demand, improve energy security, and 
diminish GHG emissions. 

Figure 6.7 presents primary energy consumption from 
2015 to 2040 under current policies (CP), new policies (NP), 
and SDG scenarios 4 for the countries of the HKH region; 
estimates are based on the IE A (2017) and GAINS model. 

Total primary energy consumption (TPES) in HKH 
countries will increase by a factor of 1.7 in the CP scenario 
from 2015 to 2040. TPES will increase by a factor of 1.5 in 
the NP scenario, and 1.2 in the SDG scenario from 2015 to 
2040, primarily because of energy efficiency measures and 
large-scale renewable energy penetration in China and India. 
At the national level, TPES will be reduced by 33% in China 
and 30% in India because of sustainable energy strategies. 

Many studies have projected future energy use, GHG 
emissions, and air pollutants for individual HKH countries 
(Amann et al. 2008; Klimont et al. 2009; IEA 2015; Mir 
et al. 2016; Purohit et al. 2010, 2013). However, none assess 
future energy use and GHG emissions in the HKH mountain 
region alone. The global and national scenario of GHG 
mitigation relies heavily on initiatives such as rapid 
deployment of renewable energy, greater use of biomass, 
deployment of best-practice technologies to boost energy 
efficiency, and employing emerging technologies such as 
carbon capture and storage. All these have direct relevance 
for the HKH, which already needs to modernize the biomass 
sector and harness clean, decentralized energy sources. 

6.5.2 Pathways Towards Rural Electrification 

Energy consumption is also expected to grow significantly 
as industrialization, urbanization, and economic growth 
increase. HKH countries must meet their growing energy 
demand in an environmentally benign and sustainable 


4 The NP scenario is designed to show where existing policies (as well 
as announced policy intentions) might lead the energy sector. The CP 
scenario provides a point of comparison by considering only those 
policies and measures enacted into legislation by mid-2017. The SDG 
scenario examines what it would take to achieve the three main 
energy-related components of the “2030 Agenda for Sustainable 
Development” adopted in 2015 by Member States of the United 
Nations. The three energy-related goals are: (1) to achieve universal 
energy access to modem energy by 2030; (2) to take urgent action to 
combat climate change; and (3) to dramatically reduce the pollutant 
emissions that cause poor air quality (IEA 2017). 
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Table 6.15 HKH country energy outlook through 2035 under BAU and alternative scenarios 



Afghanistan 

Bangladesh 

Bhutan a 

China 

India 

Myanmar 

Nepal a 

Pakistan 

GDP (constant 2000 USD billion) 2035 

47.7 

243.0 

3.8 

15,871.9 

3877.0 

135.9 

20.0 

269.6 

GDP growth rate % (2010-35) 

6.8 

4.4 

5.6 

6.6 

5.7 

7.6 

3.7 

3.4 

Population 2035 

59.0 

187.1 

0.9 

1381.6 

1579.8 

55.0 

42.0 

245.9 


BAU case 


Primary energy demand (Mtoe) 2035 

4.3 

(0.07) 

77.6 

(0.41) 

1.7 

(1.84) 

4218.1 

(3.05) 

1441.6 

(0.91) 

30.3 

(0.55) 

16.6 

(0.4) 

145.8 (0.59) 

Primary energy demand growth % 2010-35 

6.5 

3.7 

0.8 

2.3 

3.0 

3.1 

2.0 

2.2 


Sectoral energy demand share (%) 


Industry 

6 

29.1 

15.1 

33.6 

31 

11.5 

6 

33 

Transport 

30.1 

19.3 

5.8 

16.3 

19.7 

23.4 

9.1 

22.6 

Other sectors 

63.9 

45.6 

79.1 

43.8 

41.1 

64.6 

84.9 

40.5 


Alternative case 


Primary energy demand (Mtoe) 2035 

3.8 

(0.06) 

68.8 

(0.37) 

1.5 

(1.58) 

3418.7 

(2.47) 

1239.2 

(0.78) 

29.2 

(0.53) 

16.3 

(0.39) 

130.9 

(0.53) 

Primary energy demand growth % 2010-35 

6.0 

3.2 

0.2 

1.4 

2.4 

3.0 

1.9 

1.8 


Sectoral energy demand share (%) 


Industry 

6.2 

29.3 

22.2 

31.6 

30.5 

11.4 

5.8 

33.5 

Transport 

30.9 

19.1 

9.5 

16.3 

19.9 

21.1 

8.6 

23 

Other sectors 

62.9 

45 

68.4 

45 

40.7 

66.9 

85.6 

39.2 


Figures in parenthesis indicate primary energy demand per capita (toe/person) 

Figures may not add up to total because of rounding and other sector 

BAU, business as usual; GDP, gross domestic product; Mtoe, million tonnes of oil equivalent 
a Bhutan and Nepal are fully in the HKH while the rest are partially covered. Source ADB (2015) 


Table 6.16 Future carbon intensity and energy intensity outlook in HKH countries to 2035 



BAU 

Alternative case 


2035 

AAGR (%) 2010-35 

2035 

AAGR (%) 2010-35 


CO 2 intensity (t C0 2 /constant 2000 USD million) 


Afghanistan 

224 

3.1 

194 

2.5 

Bangladesh 

793 

0.9 

547 

-0.6 

Bhutan 

333 

-3.4 

294 

-3.9 

China 

759 

-4.3 

526 

-5.7 

India 

957 

-2.3 

687 

-3.6 

Myanmar 

414 

0.2 

368 

-0.2 

Nepal 

411 

-0.6 

385 

-0.9 

Pakistan 

1,081 

-0.3 

788 

-1.6 


Primary energy intensity (toe/constant 2000 USD million) 


Afghanistan 

89 

-0.3 

80 

-0.8 

Bangladesh 

319 

-0.6 

283 

-1.1 

Bhutan 

445 

-4.6 

383 

-5.2 

China 

266 

-4 

215 

-4.8 

India 

372 

-2.6 

320 

-3.2 

Myanmar 

223 

-4.2 

215 

-4.3 

Nepal 

833 

-1.7 

815 

-1.8 

Pakistan 

541 

-1.2 

485 

-1.6 


AAGR, average annual growth rate; BAU, business as usual; toe, tonne of oil equivalent 
Source ADB (2015) 
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Fig. 6.7 Total primary energy 
consumption in current and 
alternative policy scenarios in 
HKH countries. (,Source Author 
estimation based on IEA (2017) 
and the GAINS model (http:// 
gains .iiasa. ac. at/models/index. 
html)) 
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manner. To be truly sustainable, an energy system must 
(Dincer and Acar 2015): 

• have minimal or no negative environmental or social 
impact; 

• cause no natural resource depletion; 

• be able to supply current and future population energy 
demand; 

• be equitable and efficient; 

• protect air, land, and water; 

• have little or no net carbon or other GHG emissions; and 

• result in safety today without burdening future 
generations. 

In the HKH, discussions on electrification pathways tend 
to be between the merits of centralized on-grid versus 
decentralized off-grid electrification, with both routes being 
promoted in parallel. There has been no comprehensive and 
systematic analysis to find a balance between the two. 
Mainali and Silveira (2013) compare three pathways for 
rural electrification: (1) off-grid renewable energy 


technologies for individual households, mainly solar; 
(2) mini-grids (with micro-hydro, diesel generators, and 
solar, in some cases); and (3) grid extension. Their analysis 
shows that micro-hydro-based mini-grid technology is the 
most competitive alternative to electrify isolated and remote 
rural areas of the HKH. The choice of technology and the 
centralized on-grid and decentralized off-grid electrification 
pathway adopted in Nepal seems to be functional. In 
Afghanistan, the technological pathways for rural electrifi¬ 
cation are not well defined. A micro-hydro-based mini-grid 
has been suggested as a more sustainable option in Afgha¬ 
nistan than diesel generators, which were promoted in the 
transitional phase (Mainali and Silveira 2013). 

Because of the challenges of grid extension in mountain 
areas due to sparse settlement and smaller load demand, the 
literature favours decentralized renewable electricity in the 
majority of cases. However, in some scenarios, it is also 
possible that off-grid solutions are just an intermediate 
pathway towards grid electricity. Energy conservation and 
efficiency can also make an important contribution since 
they reduce supply burdens and help to provide enhanced 
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energy access. For example, Pode et al. (2016) describe a 
successful rice husk biomass project for sustainable fuel to 
power rural electrification in Myanmar. Other options such 
as wind and gasifiers are also discussed as potential options 
in mountain areas but their applications are not significant. 
Large hydropower projects are well suited for urban centres 
of the HKH and provide opportunities for electricity trade 
with neighbouring regions. Access to renewable energy 
accelerates growth in the tourism industry, herbal/medicinal 
products market, cash crops, and other mountain small and 
medium-sized enterprises (SMEs). 

6.5.3 Pathways Towards Sustainable Clean 
Cooking Energy 

The HKH needs to chart its own energy transition pathway 
for cooking in the future. A meaningful cooking energy 
transition addressing multiple economic, social, and envi¬ 
ronmental needs (through a sustainable supply of 
demand-responsive clean, efficient, reliable, affordable 
energy options) needs to be started and made operational. 
The challenge is especially daunting for rural areas, given 
the isolated nature of rural settlements that require innova¬ 
tive technology interventions for efficiency, fuel shifts, 
innovations in finance, institutional development, and the 
design of appropriate policy instruments. To achieve a sus¬ 
tainable cooking and heating energy transition, the HKH 
must aspire to a 100% renewable future with multiple 
pathways as a long-term goal. A more detailed quantitative 
analysis is necessary but, based on the available limited 
information, we surmise that the HKH could achieve a 100% 
renewable future through two key pathways. These only 
differ on whether cooking services are to be fully provided 
by electricity or also by improved biomass and other sources 
as well as by technologies. 

Pathway 1. Electric future: access to renewable electricity 
and electric cooking : As discussed above, the HKH has 
significant renewable energy potential to achieve 100% 
electrification in the near future. 5 Cross-border hydropower 


5 For example, Nepal has enormous hydropower potential (43 GW) of 
which 2% is tapped (Dhakal and Raut 2010; KC et al. 2011), while 
Bhutan’s vision of 100% renewable energy supply is based on its 
existing untapped hydropower (30 GW). The HKH of India has huge 
hydropower potential (114,398 MW), wind power (6883 MW), and 
solar power (5-7 kWh/m 2 /day) (CEA 2016; NIWE 2016). There is an 
estimated hydropower potential of 41,722 MW in Pakistan (Mirza et al. 
2008), the technical potential of grid-connected solar (PV of 
50,174 MW) in Bangladesh (Mondal and Islam 2011), and electricity 
generation potential of 314,500 MW from solar, wind, and hydro in 
Afghanistan (Sahel 2014), sufficient for a pathway towards a 100% 
renewable electricity system. 


imports from Bhutan, Myanmar, and Nepal to Bangladesh 
would also be vital to maintain the country’s long-term 
energy security. There is enormous diversity in the types and 
amounts of fuels used for cooking in households in HKH 
countries and regions. Leapfrogging from solid fuels (fuel- 
wood, agricultural residues, dung cakes, coal, etc.) to electric 
or induction stoves 6 using renewable electricity for cooking 
will skip steps in the energy ladders. Unelectrified house¬ 
holds in rural areas are well suited to off-grid renewable 
electricity (such as solar PV, hydro, and biomass gasifiers), 
based on resource availability. Switching to electric stoves 
will have a significant impact on health (particularly of 
women and young children) through reduced household air 
pollution. 7 Yangka and Diesendorf (2016) observe that the 
electric cooking scenario also complements the vision of 
HKH countries for reducing deforestation and carbon 
emissions. This also helps to eliminate indoor air pollution, 
and to mitigate climate change by controlling SLCPs from 
biomass use. Additionally, switching to energy-efficient 
light-emitting diode (LED) bulbs and appliances in house¬ 
holds using grid electricity will provide significant oppor¬ 
tunities for climate change mitigation. The case of Bhutan is 
interesting here, as it has surpassed even China in providing 
access to clean cooking (IEA and World Bank 2017). 

Pathway 2. Access to renewable electricity and transition to 
clean fuels/technology for cooking : This pathway differs 
from the first only in its assumption that full electric cooking 
could be unrealistic due to high electricity costs, small-scale 
and limited electricity supply from decentralized sources, 
expensive grid extension, abundant availability of alternative 
biomass-based cooking fuels, and other socioeconomic 
factors. Even in urban areas, electric cooking is not popular, 
and biogas and improved cookstoves are preferred. 

Providing cooking and heating services simultaneously 
by biomass in rural mountain areas, and the implications for 
efficiency loss and associated indoor air pollution, needs 
careful planning. Sharma (2009) observes the trade-off 
between cooking and space heating efficiency from a single 
stove in the high mountains, and highlights the need for a 
housing energy efficiency retrofit policy to overcome this. 
Solar, micro- and mini-hydro, and biomass gasifiers are 
promising rural electricity technologies in the HKH. Tran¬ 
sition from traditional to advanced biomass cookstoves 
could yield enormous gains for the health and welfare of the 


6 For example, as part of a programme on “access to clean cooking 
alternatives in rural India”, induction stoves were introduced in nearly 
4000 rural households in Himachal Pradesh, one of the few highly 
electrified states in India (Banerjee et al. 2016). 

7 In 2015, 1.2 million premature deaths in China and 1 million 
premature deaths in India were attributed to household air pollution 
(OECD/IEA 2016). 
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weakest and most vulnerable sections of society. The HKH 
has a large potential of biogas 8 for cooking. Transition to 
biogas provides clean fuel for cooking and lighting, and 
organic manure to rural and semi-urban households. 

6.5.4 A Sustainable Energy Future: Barriers 
and Opportunities 

Sustainable energy transition needs to be accelerated in the 
HKH, and transformative change is required. While there 
has been progress in certain areas—particularly at national 
and regional levels—the HKH faces many policy, regula¬ 
tory, and technical hurdles in adopting sustainable energy 
technologies because energy pathways for the region are 
nascent and immature. Increased financial assistance, tech¬ 
nological knowledge, and capacity building are critically 
important to support clean energy infrastructure. Fortunately, 
energy transition needs and available options are in line with 
individual countries’ national targets for the SDGs (universal 
access), Energy for All (clean energy access), and the Paris 
Agreement (climate change and complete decarbonization of 
energy systems). The HKH has, therefore, a great opportu¬ 
nity to benefit from support measures formulated globally 
for meeting these goals globally: these include technology 
transfer, financing, and capacity building. 

Furthermore, financial innovation and private sector 
involvement are two main factors with the potential to 
increase the penetration of off-grid renewable energy tech¬ 
nologies to enhance access (Palit and Chaurey 2011). Ben- 
ecke (2008) observes that contextual factors specifically 
related to political stability, good governance in terms of 
human rights, participatory and regulatory frameworks, and 
sociohistorical conditions matter in the successful imple¬ 
mentation of new renewable energy options. 

Confronting barriers : The barriers to developing a sound 
and sustainable energy future can be categorized in the 
following ways (Balachandra 2011; Bums 2011; Ershad 
et al. 2016; Mondal et al. 2010; Yaqoot et al. 2016): 

Capital related: 

(1) The availability of capital investment, supported by a 
viable policy framework, to construct the infrastructure 
needed to exploit the energy source and transmission 
potential and/or implement decentralized technological 
solutions. 


8 The HKH area of India has a potential of 759,500 family-size biogas 
plants, of which 223,857 had been installed by March 2015 (MNRE 
2016). 


(2) Allocation of adequate budgets when programmes are 
supported nationally, and ensuring timely financial flows. 

Governance related: 

(1) Restmcturing ministries involved in the sector, and 
policy and institutional coherence, especially of regu¬ 
latory reform and development of viable regulatory 
bodies. 

(2) Designing taxation regimes and other financial incen¬ 
tives to encourage energy investment and renewable 
energy; withdrawal of subsidies currently being given 
to fossil fuels. 

(3) Extensive training and capacity building at managerial 
and technical levels throughout the sector; cooperation 
with international agencies. 

(4) Local community and awareness generation for sus¬ 
tainable management of renewable resources. 

Market related: 

(1) Developing market-oriented policy implementation and 
technology promotion. 

(2) Lack of standardized power purchase agreements 
(PPAs) for power generation. 

(3) Encouraging private sector participation in an environ¬ 
ment of public sector dominance. 

(4) Unavailability of skilled manpower for maintenance, 
unavailability of spare parts, high cost, and lack of 
access to credit. 

(5) Unfair energy pricing (involved accounting of full cost 
recovery); and ensuring energy utilities operate as 
financially viable entities, and that the rich are not 
subsidized. 

(6) Lack of adequate training on operation and maintenance 
of decentralized RE systems. 

Available evidence and data: 

(1) The lack of an integrated energy strategy, including for 
RE projects. 

(2) Lack of data (comprehensive resource assessments and 
feasibility studies on potential). 

(3) Suitable, replicable business models for the range of 
contexts and applications in the region. 

(4) Lack of information or awareness. 

Seizing opportunities : Approximately USD35 billion of cli¬ 
mate finance flows through official international public 
financing outlets, of which a large portion is allocated to the 
sustainable energy sector. The newly created Green Climate 
Fund has over USD 10 billion in pledges. The demand for 
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climate financing has, so far, lagged behind supply, and 
donors are looking for bankable projects to fund. Consid¬ 
ering the large potential for sustainable energy in the HKH, 
there is a need to help countries understand and navigate this 
new international carbon financing opportunity. Some HKH 
countries can continue to use the Clean Development 
Mechanism (CDM) of the Kyoto Protocol, despite the lower 
price of current carbon offset projects. HKH countries must 
be aware of emerging market mechanisms under the Paris 
Agreement, as well as opportunities in bilateral and internal 
markets. 

Recent studies on energy requirements in HKH countries 
reveal that China, India, Pakistan, Bangladesh, and Afgha¬ 
nistan have energy demands surpassing their domestic sup¬ 
ply. Bhutan, Myanmar, and Nepal have energy resources— 
hydropower in particular, far in excess of their domestic 
needs—that can be traded within the region. Bangladesh, 
India, and Pakistan have potential for significant electricity 
and gas trade within South Asia. Enabling energy trade 
between HKH countries is a great opportunity for the region 
to increase its energy access and security. Regional energy 
trade and cooperation may be advanced by individual 
national governments, but first it is necessary to engage in 
meaningful multilateral energy trade as a cornerstone of 
regional integration and connectivity in HKH countries. 


6.6 Energy Cooperation in HKH: National, 
Regional, and Global Linkages 

Faced with an energy deficit and rising demand, HKH 
countries need to seek external cooperation to enhance their 
energy security and related environmental performance. Key 
gaps in gaining greater energy independence, identified in 
earlier sections, relate to: access to modem energy forms 
(Sect. 6.2); viability of conventional solutions (Sect. 6.5); 
proven, replicable business models (Sect. 6.4); capacities 
and capabilities; and poorly designed policies and delivery 
mechanisms (Sect. 6.3). Energy cooperation for addressing 
these gaps can take various forms, depending on the prob¬ 
lems and possible solutions, and can be undertaken at vari¬ 
ous scales. 

At the same time, the impacts of climate change in the 
region can negatively affect the flows of energy and related 
services bi-directionally, making all regions and countries of 
the HKH into stakeholders for climate action. Therefore, 
large-scale adoption and deployment of clean and renewable 
energy through harmonized regional policies and pro¬ 
grammes will need to play a central role as they act as both 
mitigating and adaptive responses to climate change-induced 
security threats. 

In the long term, regional energy security depends 
heavily on how an innovative multi-governance approach 


for regional cooperation can be fostered and sustained. 
Mechanisms are needed to encourage economic cooperation 
despite continuing political differences. The success of the 
electricity trade between Bhutan and India demonstrates that, 
when there is enlightened political leadership and mutual 
benefit, even very large hydroelectric projects in remote 
regions can be developed quickly, to the advantage of both 
parties (Biswas 2011; Ebinger 2011). An overnight shift in 
the dynamics of regional relationships that have been shaped 
for decades is not possible. However, by engaging in 
regional energy trade and cooperation through a mutual 
understanding of interests, long-term benefits can be ensured 
by means of dialogue at all levels of governance. 

6.6.1 Energy Challenges and Regional 
Cooperation 

The rich energy resources of the region are unevenly dis¬ 
tributed and largely untapped. None of the HKH countries 
will be able to meet their energy needs entirely from their 
own domestic resources; they face a stark choice between 
rapid development and energy self-sufficiency as they cannot 
achieve both without energy interdependence and a collab¬ 
orative approach (McMillan 2008; Mahmud 2012). For 
example, Nepal and Bhutan have great untapped hydro- 
power potential while India, Pakistan, and Bangladesh have 
large reserves of gas and coal. Energy resource-surplus 
countries such as Nepal and Bhutan could benefit from 
export-led growth by fully exploiting their hydropower 
potential while simultaneously meeting demands in 
energy-deficient countries such as India, Afghanistan, Pak¬ 
istan, and Bangladesh where energy requirements exceed 
their economically viable hydropower potential (Iftikhar 
et al. 2015; World Bank 2008). Differences in daily load 
patterns and seasonal variation in electricity demand, as well 
as generation, provide ample opportunities for HKH coun¬ 
tries to optimize the use of regional resources and system 
operation by exploiting cross-border opportunities—even in 
the current circumstances (Box 6.4). 

Box 6.4 Seasonal mismatch between electricity 
demand and supply 

Variability in energy supply and demand during peak 
and off-peak periods across days and seasons provides 
a real opportunity to engage in electricity trading even 
in situations where, at an aggregate level, shortages 
might exist. For example, within Bangladesh, average 
sizeable generation capacities of 1200 MW remain 
unused during off-peak hours even though it faces 
shortages of power during peak hours. The available 
capacity of off-peak hours can be a ready source for 
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regional cooperation for import-export of electricity 
within neighbouring countries (Lama 2004). Peak 
months for hydropower generation are August- 
September while the lean season is January-June. In 
Nepal and Bhutan, generation from hydropower plants 
is low during peak demand time (December-January) 
and its supply capacity reaches its peak during the lean 
demand season (August-September). This mismatch 
in the seasonality of energy supply and demand leads 
to a need for complementary cross-border power trade 
(Nanda and Goswami 2008). 

The Indian system faces a deficit of energy and 
capacity during the hot summer months. The peak 
season begins in May and runs until August and 
September, with an overlapping lean demand season 
in Nepal and Bhutan. Indian thermal power plants 
complement and balance the lean dry months of the 
hydro plants in winter and the pre-monsoon season. 
The same Indian thermal power plants can be rede¬ 
signed and restructured to address fluctuations in 
Nepal and Bhutan (Nanda and Goswami 2008), and it 
has been found viable to import electricity and other 
products from India for countries such as Nepal, 
Bhutan, and Bangladesh (World Bank 2007). This can 
be successful if cross-border transmission infrastruc¬ 
ture projects are initiated through a memorandum of 
understanding (MOU). One such MOU was recently 
signed for transmission lines between India and Nepal. 

An analysis by ADB (2015) of partially or fully inte¬ 
grated SAARC power systems indicates that cross-border 
power trading is both technically feasible and economically 
attractive, with the estimated economic benefits of six 
cross-border transmission interconnections 9 ranging from 
USD105 million to USD1,840 million (Wijayatunga et al. 
2015). A study by USAID has clearly demonstrated how a 
regionally interconnected power system can bring a number 
of technical, operational, economic, and environmental 
benefits to a country, as well as to the region (USAID 2013). 
Cooperation can also facilitate integrated planning for sus¬ 
tainable transboundary water resource management to bring 
additional benefits such as flood control, irrigation, and 
navigation through multipurpose river projects (Price and 
Mittra 2016; Rasul 2014b). 

Despite the tremendous benefits to be derived from 
regional cooperation, examples of cross-border hydropower 
cooperation are limited except between India and Bhutan 


9 This refers to the Bhutan-India additional grid reinforcement; the 
India-Nepal 400 kV transmission link; and the Bangladesh-India high 
voltage direct current transmission link. 


(Rahman et al. 2011). India has assisted Bhutan in building 
almost 96% of the country’s current hydropower capacity, 
and electricity production now accounts for around one-fifth 
of Bhutan’s GDP while its per capita GDP has increased 
fivefold from 1992 to 2013 (World Bank 2014). Although 
the specific political relationship between the two countries 
cannot be replicated elsewhere in the region, the processes 
and outcome of cooperation are pertinent to other countries, 
such as Nepal (Price and Mittra 2016). 

6.6.2 Models for Energy Cooperation 

Electricity : The power sector offers the most obvious and 
promising area for regional energy cooperation, given the 
enormous potential for hydropower. While SAARC member 
states have agreed on the basic idea of sharing electricity 
through a common regional energy grid to promote regional 
energy sustainability, the technicalities of realizing this 
objective still need to be resolved (Dawn 2014). The Ban¬ 
gladesh, Bhutan, India, and Nepal (BBIN) initiative for 
creating an energy cooperation model has resulted in the 
emergence of five models of power exchange in the BBIN 
sub-region (Lama 2016), providing scope for generation and 
transmission system expansion on a regional basis (Nexant 
2001). India also needs to quickly develop policies and 
implement them so it can act as a transiting country for 
power transmission in the HKH between Nepal, Bangladesh, 
Bhutan, and Myanmar. 

Currently, there is a constraint in the chicken-neck area 
(Siliguri corridor that connects West Bengal to Northeast) of 
India for constructing power transmission lines. To overcome 
this, India and Bangladesh are discussing the construction of 
transmission lines through Bangladesh, and a certain per¬ 
centage of the power will be transferred through Bangladesh. 
Singh et al. (2015) establish that Bhutan and Nepal have the 
potential to cost-effectively supply electricity from hydro¬ 
electric resources in excess of their own demand, while 
Bangladesh and India are likely to become more dependent 
on higher-cost coal and natural gas to generate electricity. 

The World Bank (2015) study quantifies the potential 
economic benefits that the HKH could reap if the countries 
engage in regional electricity trade and cooperation. 
According to this study, unrestricted electricity trade provi¬ 
sion through optimal expansion of electricity generation 
capacities and transmission interconnections in the region 
would save USD226 billion in electricity supply costs over 
the period 2015-40. To achieve these benefits, the region has 
to add an estimated 95,000 MW of new cross-border 
transmission interconnection capacity (Timilsina et al. 
2015). The cooperation benefits pertain to direct sector-level 
gains from generation and transmission assets at the regional 
level, rather than country by country. 




6 Meeting Future Energy Needs in the Hindu Kush Himalaya 


199 


Fuels and technologies : Existing bilateral energy coopera¬ 
tion has been limited to some hydropower, and there is scope 
for possible regional collaboration in other energy resources 
like natural gas. The HKH, except for Bangladesh, is poorly 
endowed with reserves of natural gas. However, the real 
benefit in this sector will accrue from a region-wide inte¬ 
grated gas pipeline network to import gas from outside the 
region, jointly developed and owned by the participating 
nations (USAID 2006). India’s difficulties and apprehen¬ 
sions for establishing gas pipelines through Bangladesh 
could be mitigated to some extent if India considers creating 
a regional network—including Nepal and Bhutan—rather 
than bilateral arrangements (Nanda and Goswami 2008). 
This energy trading will help countries diversify their energy 
usage and enable them to reduce their dependence on tra¬ 
ditional biomass. A number of proposed gas pipeline pro¬ 
jects under discussion could lay the foundation for a regional 
gas grid, but investment requirements and security concerns 
must first be addressed before this concept can be fully 
explored and implemented (USAID 2006). 

Biomass : Given a variety of bioenergy technologies emerging 
as equally competitive with conventional power generation 
options, there is scope for regional collaboration in further 
market development and demonstration to stimulate new and 
larger investments, while taking advantage of economies of 
scale. This calls for joint R&D efforts to develop commer¬ 
cially viable and efficient renewable energy technologies such 
as waste-to-energy, biogasification, and biofuel, which India 
and China have been actively pursuing (Srivastava and Misra 
2007; Srivastava et al. 2013). Biomass-based energy through 
efficient gasification technology can help deliver energy to 
rural households in the region, and that energy can be traded 
through integrated grid networks. However, the technology 
needs first to be developed, and countries such as India and 
China need to share their technology in biogas, gasifiers, and 
cookstoves with other countries of the region. An efficient 
technology to use the biomass for energy generation can 
reduce the stress on forest resources and improve ecosystem 
services, and lead to reductions in GHG emissions, with 
efficient utilization of biomass resources. 

6.6.3 Role of Multi-level Governance in Securing 
Sustainable Energy in HKH 

Several studies offer valuable empirical and theoretical 
insights into the huge potential benefits of regional energy 
cooperation, especially in hydropower (ESCAP 2013; Ifti- 
khar et al. 2015; Lama 2016; Price and Mittra 2016; Rahman 


et al. 2011; Timilsina et al. 2015; USAID 2013; Wijayatunga 
et al. 2015; World Bank 2008). However, these lack a 
holistic approach and solution-oriented, multi-pronged 
strategic options for improved regional energy security 
cooperation (Mahmud 2012; Srivastava and Misra 2007; 
Srivastava et al. 2013). As a result, far too little has been 
done to bring about the much-needed change for sustainable 
energy security cooperation in the region. 

Existing energy policies in the region lack integrated 
energy planning, trade, and institutional mechanisms to 
leverage complementary regional energy resources. Even 
modest efforts to encourage regional energy trade are histor¬ 
ically blocked by longstanding disputes, political exigencies, 
and mistrust between the countries of the region (Ebinger 
2011; USAID 2006). However, it is rightly stressed that 
delays in decision making to ensure stronger and mutually 
beneficial cooperation efforts are associated with high costs, 
not only for the energy sector, but also for the development 
agenda of the region (Srivastava and Misra 2007 ; Srivastava 
et al. 2013). It is, therefore, critical for all stakeholders in HKH 
countries to graduate from the bilateral approach to a multi¬ 
lateral approach to develop a regional energy market. 

International experience from a number of regional power 
sector cooperation initiatives demonstrates that nations with 
political differences have also come together for regional 
power sector cooperation and, in the process, realized vari¬ 
ous technical, economic, and environmental benefits of 
regional cooperation (USAID 2013). Experience, particu¬ 
larly from the South African Power Poll (SAPP) and the 
Greater Mekong Sub-Region (GMS), (which have a long 
history of bilateral arrangements leading to the development 
of regional power sector cooperation) has special relevance 
for the HKH (See Box 6.5). 

Box 6.5 Regional power sector cooperation: 
International experience 

A number of initiatives have led to regional power 
sector cooperation, including GMS, SAPP, the South 
East Asia, Europe, Gulf Coast Countries (GCC), and 
the Nile Basin Initiative (NBI). Their experiences show 
that key drivers and motivation for such regional 
cooperation include reliable system operation, region¬ 
ally coordinated investment in generation, enhanced 
regional energy security, lower reserve requirements, 
and optimized system operations that take into account 
daily and seasonal variations in demand and genera¬ 
tion. The SAPP experience demonstrates the feasibility 
of trade in power, and reliable and economical opera¬ 
tion of the integrated system, even in the presence of 
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historically rooted political differences, provided that 
complementary power sources, an active regional 
organization for economic cooperation, and political 
will to support increased regional energy trade is pre¬ 
sent (USAID 2013). 

New ways and mechanisms need to be explored to create 
innovative multi-governance institutional models for energy 
cooperation. This calls for a multi-pronged strategy for 
regional energy cooperation, ranging from several softer 
options aimed at confidence building, to larger-scale coop¬ 
eration on information collection and sharing, knowledge 
networking, and technology cooperation for rural energiza¬ 
tion, building greater energy efficiency, and enlisting private 
sector participation (Srivastava and Misra 2007; Srivastava 
et al 2013). Any successful regional cooperation effort will 
also depend on a smart policy for tariff setting, given the 
central role tariffs will play in determining the comparative 
advantages in regional trade negotiations (Srivastava and 
Misra 2007). Critically, several barriers related to both 
domestic policy reforms and regional political climate will 
need to be addressed in the pursuit of regional energy 
cooperation in the HKH. At the domestic level, some 
policy-related barriers include insufficient installation of 
generation capacity to match growing demand, weak finan¬ 
cial performance of utilities due to technical and 
non-technical losses, poor operational efficiency of installed 
capacity, politically distorted tariffs, limited private sector 
participation owing to low financial incentives and political 
uncertainties, and partial domestic power sector reforms to 
harmonize policy and regulatory framework (CUTS Inter¬ 
national 2016). 

As regional cooperation entails transboundary activities 
and shared control over resources, addressing existing trust 
gaps among governments and other key players (private 
sector, development partners, civil society) is a critically 
important first step (CUTS International 2016). Frequent 
meetings and discussions at appropriate levels and with 
relevant agencies need to take place at multilateral, bilateral, 
and regional levels for trust and confidence building. An 
integrated regional energy master plan must be developed, 
focusing on joint development mechanisms for maximizing 
investments in shared energy infrastructure (USAID 2006), 
and sharing with neighbouring countries through modes of 
bilateral/trilateral/multilateral cooperation. 

Development partners can play an effective role in pro¬ 
viding technical assistance to pursue regional and interna¬ 
tional energy trade, mobilizing international private 
investments, and developing the capacity of energy sector 
organizations. Bangladesh is currently taking a pioneering 
role in trying to push forward a trilateral MOU with India 


and Bhutan. The governments of Bangladesh, India and 
Bhutan have signed a MoU to jointly participate in the 
construction of hydropower project in Bhutan’s Lhuentse 
district 10 The Bangladeshi government recently approved an 
equity investment of USD1 billion, for the Dorjilung 1125 
MW hydropower project in Lhuentse district in eastern 
Bhutan, for power that will be exported to Bangladesh. 

Relevant institutions with a dedicated regional agency 
comprising representatives from government, private, and 
non-governmental sectors with expertize in energy must be 
initiated to steer inclusive and sustained dialogues at multi¬ 
ple levels for regional cooperation and development. India 
and Bangladesh have created a Joint Expert Technical 
Committee (JETC) to study cross-border power transfer by 
constructing a 700 kV HVDC line through Bangladesh from 
the eastern part of India (Arunachal Pradesh) with a 10% 
power sharing arrangement for Bangladesh. Setting up 
appropriate back-to-back arrangements by engaging com¬ 
mercial entities (public or private) in the business of elec¬ 
tricity trading and lagged energy exchange arrangements 11 
could be other possible options for cooperation (Srivastava 
and Misra 2007). 

Within the structure of bilateral and multilateral energy 
cooperation, a regional cooperation model structure can be 
considered. The structure will need to ensure that various 
institutions and rules can be designed and implemented to 
address the social, economic, and environmental domains of 
sustainability in the region. These institutions can also feed 
into larger regional and global debates on sustainability. 
Hence, the institutional model of the HKH for energy 
cooperation has to constantly evolve by being a 
contributor/receptor of national, regional, and global sus¬ 
tainability issues. This body would need to grow and change 
over time to remain in tune with regional and worldwide 
needs. 

6.6.4 Climate Change, Energy Resilience, 
and Regional Energy Cooperation 

Climate change-induced security threats, particularly those 
emanating from water stress and natural calamities, are 
becoming major problems for regional security dynamics in 
the HKH. They will intensify the loss of livelihood due to 
food, water, and energy scarcity in the HKH and 


10 Asianpower, 12 July 2017, available online at https://asian-power. 

com/project/news/bhutan-bangladesh-and-india-jointly-develop- 

hydropower-project. 

n Under such arrangements Bangladesh, for example, could begin to 
provide gas to India for a stipulated period, in exchange for which India 
would be obligated to provide Bangladesh the contracted amount of 
energy in future. 
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downstream river basins, and this loss will exacerbate dis¬ 
placement, migration, and loss of biodiversity (Muniruzza- 
man 2012). The enormous national, regional, and global 
linkages of HKH energy resource bases—together with the 
complex interdependencies in water, food, and energy 
security—highlight the urgent need for intersectorally inte¬ 
grated and holistic solutions from an ecosystem perspective 
(Dharmadhikary 2008; Rasul and Sharma 2016). 

It is important to assess and quantify various externalities 
associated with regional energy cooperation, given its 
implications for large-scale environmental degradation, the 
costs of climate change, and indoor pollution problems 
(Srivastava and Misra 2007). As a vital component of sus¬ 
tainable hydropower development, appropriate 
benefit-sharing mechanisms need to be explored to reach a 
win-win solution where the benefits derived from hydro- 
power projects are shared with mountain communities in a 
fair and equitable manner, beyond the compensation and 
mitigation of project impacts (Shrestha et al. 2016). Benefit 
sharing from hydropower projects is becoming increasingly 
important for sustainable hydropower development to ensure 
that the rights and interests of the affected populations are 
recognized. Unlike compensation, which is usually covered 
under the project costs, benefit sharing typically takes a 
small percentage from the revenues generated by the project. 
Mekong countries have experience with one or more forms 
of benefit sharing in the hydropower sector. Nepal and China 
have laws that allocate a portion (1-3%) of gross revenue 
from hydropower projects to permanent local development 
and reconstruction funds in reservoir areas; in India, allo¬ 
cation ranges from 10 to 14%. A more recent study has 
identified a variety of benefit-sharing models and practices 
evolving in Nepal (Shrestha et al. 2016). Among them, 
equity share in hydropower projects for local citizens is an 
innovative market-based strategy of benefit sharing. This 
mechanism was designed in response to the pronounced 
demand from local citizens for ownership of shares in 
hydropower projects, as incentives among stakeholders, to 
avoid costly conflicts and contestations. Payment for envi¬ 
ronmental services (PES) schemes 12 is one way to reward 
mountain communities for the vital services they provide, 
and should therefore be promoted at a global scale to make 
mountain social-ecological systems more resilient in the 
face of climate change. Capacity-building programmes, 
sustained financial support, and knowledge exchange are 
needed for technology development, leading to a reduction 
in dependence on fossil fuels and lowered GHG emissions. 
This is important in the HKH, as impacts of climate change 
there will impact the agriculture and livelihoods of the 


12 They consist of payment for the maintenance or provision of an 
environmental service by the users to the providers of the service. 


region, affecting the economic, environmental, and social 
domains of sustainability. 

Although the impending crisis is recognized, there is a 
general lack of policy direction and political will in tackling 
these multifaceted issues. Mutual distrust hinders effective 
action, and sovereignty concerns overrule regional interests. 
Environmental cooperation generally lags far behind eco¬ 
nomic cooperation in the HKH (Morton 2008). Domestic 
reforms are under way, but alone are inadequate. Disputes 
and rivalries must be put aside to achieve regional energy 
cooperation, as entrenched mistrust has perpetuated 
parochialism for decades (Ebinger 2011). However, there are 
good reasons to believe that climate change-induced human 
security threats have the potential to drive energy coopera¬ 
tion and facilitate multilateral agreements on the basis of a 
common framework. 


6.7 Way Forward 

The HKH has a huge diversity of contexts and, despite being 
rich in energy resources, remains energy poor and vulnera¬ 
ble. The urgent challenge for meeting the energy need of the 
HKH region is to build on past successes to seize the huge 
untapped renewable resource opportunities on the one hand. 
On the other hand, the need is to accelerate the rapid dif¬ 
fusion and scale-up of appropriate, customized business 
models for off-grid renewable energy solutions by creating 
an enabling policy environment for clean energy investment 
in a sustainable manner. 

As there is no one-size-fits-all solution for ensuring uni¬ 
versal access to modern energy in mountain areas, the HKH 
region must pursue multi-goal energy perspectives to chart 
its own energy transition pathway, drawing lessons from 
demonstrated examples of success across the region on how 
to jump-start and leapfrog to reach a meaningful energy 
transition. This section sets out four priority areas for 
immediate action to make sustainable energy transition a 
reality. 

• Make mountain-specific energy policies and pro¬ 
grammes an integral part of national energy devel¬ 
opment strategy. Policies based on anecdotal 
information or that merely mimic national energy 
strategies for the local HKH region are unlikely to 
address mountain-specific energy challenges. Establish¬ 
ing a comprehensive energy database (on supply and 
demand, resources, technologies in use, and good prac¬ 
tices from the region) is a necessary first step towards 
devising evidence-based strategies for sustainable energy 
provisioning. To achieve this, a regional 
mountain-specific data management system supporting 
national institutions in periodic energy data gathering 
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with innovative survey methodologies (using information 
technology based surveys, remote sensing, etc.) and 
analysis to assess various aspects of energy access is of 
utmost importance. 

• Establish monitorable quantitative and qualitative 
targets for each energy end use. A mountain-specific 
multi-tier assessment framework with appropriate energy 
access indicators must be established. This must allow 
proper measurement and tracking of progress of different 
attributes of access to clean energy (e.g., availability, 
quality, affordability, health, convenience, safety, and 
efficiency) for each end use while at the same time pro¬ 
moting integrated and holistic approaches to other related 
SDGs. The diversity of contexts in this region may also 
require nuanced signalling and incentivizing of appro¬ 
priate technology choices. Such targets must give specific 
attention to meeting cooking energy targets, given their 
implications for forest degradation, human health, and 
the environment. Such an outcome-oriented strategy 
would facilitate a demand-driven approach to energy 
service provisioning. It would prioritize interventions 
with the largest co-benefits on SDGs related to poverty 
elimination, better health and education, reduced emis¬ 
sions of SLCPs, reduced drudgery for women and chil¬ 
dren, greater gender equality, decent jobs, etc. 

• Scale up current investments and ensure access to 
finance through capacity building at different levels. 
Mobilizing innovative and affordable international, 
regional, national, and local funds is crucial for sup¬ 
porting energy planning, infrastructure investments, and 
creating incentives for commercial lending, generating 
soft loans, and providing technical assistance. The 
engagement of the private sector in this effort is critical, 
for both large-scale energy generation and infrastructure 
projects and smaller-scale decentralized energy provi¬ 
sioning. Governments can encourage this through the 
creation of markets and using public funding and 
financing for de-risking investments and leveraging pri¬ 
vate finance. Promoting off-grid renewable energy 
requires customized business and affordable financing 
models. While engaging and empowering local com¬ 
munities is critical to the sustainability of the off-grid 
sector, capacity-building efforts must also specifically 
address themselves to effective design and management 
of public-private partnerships as well as to private or 
community-based entrepreneurship. 

• Accelerate the pace of regional trade and cooperation 
in sustainable energy through a high-level, empowered, 
regional mechanism. With the exception of a few bilat¬ 
eral hydropower exchanges, the region has little else to 
show as successful cooperation efforts. However, a great 
opportunity exists to leverage the complementary energy 


resources in the region to secure sustainable energy. This 
can be achieved through integrated regional energy plan¬ 
ning, trade, and establishment of institutional mechanisms 
which would also ensure that environmental externalities 
are managed and revenue-sharing mechanisms for local 
areas are in place. Concerted regional approaches also help 
in reducing costs, generating economies of scale, attracting 
investment, boosting financial capacity, transferring tech¬ 
nology and knowledge, and accelerating the deployment 
of renewable energy. Climate change-induced human 
security threats have the potential to drive energy coop¬ 
eration and facilitate multilateral agreements on the basis 
of a common framework. 
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Chapter Overview 


Key Findings 

1. The cryosphere—snow, ice, and permafrost—is 
an important part of the water supply in the 
extended Hindu Kush Himalaya region. 
Observed and projected changes in the cryo¬ 
sphere will affect the timing and magnitude of 
streamflows across the region, with propor¬ 
tionally greater impacts upstream. Cryospheric 
change will have modest impacts on total annual 
streamflows in large river systems but will strongly 
affect the timing and seasonal distribution of run¬ 
off, which is relevant for both ecology and econ¬ 
omy. As snow and ice melt provide a reliable 
source of meltwater during warmer months, the 
cryosphere helps to buffer against changes in 
streamflows due to climate change and monsoon 
variability. 

2. There is high confidence that snow-covered 
areas and snow volumes will decrease in most 
regions over the coming decades in response to 
increased temperatures, and that snowline ele¬ 
vations will rise. The greatest changes in snow 
accumulations will be observed in regions with 
higher mean annual temperatures. Projected chan¬ 
ges in snow volumes and snowline elevations 
(+400 to +900 m) will affect seasonal water storage 
and mountain streamflows. 

3. Glaciers have thinned, retreated, and lost mass 
since the 1970s, except for parts of the 
Karakoram, eastern Pamir, and western Kun¬ 
lun. Trends of increased mass loss are projected 
to continue in most regions, with possibly large 
consequences for the timing and magnitude of 
glacier melt runoff and glacier lake expansion. 
Glacier volumes are projected to decline by up to 
90% through the 21st century in response to 
decreased snowfall, increased snowline elevations, 
and longer melt seasons. Lower emission pathways 
should, however, reduce the total volume loss. 

4. There is high confidence that permafrost will 
continue to thaw and the active layer (seasonally 
thawed upper soil layer) thickness will increase. 
Projected permafrost degradation will destabilize 
some high mountain slopes and peaks, cause local 
changes in hydrology, and threaten transportation 
infrastructure. 


Policy Messages 

1. To reduce and slow cryospheric change, inter¬ 
national agreements must mitigate climate 
change through emission reductions. Lower 
emission pathways will reduce overall cryospheric 
change and reduce secondary impacts on water 
resources from mountain headwaters. 

2. To better monitor and model cryospheric 
change and to assess spatial patterns and trends, 
researchers urgently need expanded observa¬ 
tion networks and data-sharing agreements 
across the extended HKH region. This should 
include in situ and detailed remote sensing obser¬ 
vations on selected glaciers, rapid access to 
high-resolution satellite imagery, improved and 
expanded snow depth and snow water equivalent 
measurements, and ground temperatures and active 
layer thickness measurements in different regions, 
aspects and elevations. 

3. Improved understanding of cryospheric change 
and its drivers will help reduce the risk of 
high-mountain hazards. Glacier lake outburst 
floods (GLOFs), mass movements (rockfalls, ava¬ 
lanches, debris flows), and glacier collapses present 
significant risks to mountain residents. This risk 
can be minimized with improved observations and 
models of cryospheric processes. 


The cryosphere is defined by the presence of frozen water in 
its many forms: glaciers, ice caps, ice sheets, snow, per¬ 
mafrost, and river and lake ice. In the extended Hindu Kush 
Himalaya (HKH) region, which includes the Pamirs, Tien 
Shan, and Tibetan Plateau ranges, the cryosphere is a key 
freshwater resource, playing a vital and significant role in 
local and regional hydrology and ecology. Industry, agri¬ 
culture, and hydroelectric power generation rely on timely 
and sufficient delivery of water in major river systems; 
changes in the cryospheric system may also pose challenges 
for disaster risk reduction in the extended HKH region. 

Surveying the status and trends of the extended HKH 
cryosphere requires a detailed and comprehensive analysis 
of all its parts. The response of these components to climate 
change varies in both space and time. Recent glacier mass 
and area changes exhibit important regional variations, and 
the response times of snow cover and permafrost to climate 
change are vastly different. This chapter summarizes the 
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current status of cryospheric components in the extended 
HKH, examines patterns and impacts of change, and syn¬ 
thesizes cryospheric change projections in response to rep¬ 
resentative concentration pathway (RCP) scenarios. We 
further identify significant knowledge gaps and consider the 
policy relevance of cryospheric research. 

Snow is an important seasonal water storage component in the 
extended HKH and, in many areas, a critical source of 
streamflow for irrigation (Chap. 8). Yet snowfall totals at high 
elevations are poorly known. Long-term measurements of 
snow water equivalent (SWE) and solid precipitation are 
needed to test gridded data sets (i.e., regionalized precipitation 
data based on physical modelling and/or interpolation based on 
existing in situ measurements) or remote sensing-derived 
precipitation data sets. As snow cover in the extended HKH is 
highly variable and satellite-derived records are short, 
observed trends in snow cover are generally weak and incon¬ 
sistent between studies and regions. Future projections point 
towards reduced snow cover and lower basin-wide SWE, 
although regional differences exist due to synoptic setting. 

Glacier meltwater provides a regular and reliable source of 
streamflow in glacierized river basins. Such predictability is 
especially vital in the post-monsoon season and for regions 
with lower summer precipitation. According to a compila¬ 
tion of glacier mass and area change studies, glaciers in most 
regions are shrinking and losing mass. However, glaciers in 
the eastern Pamir, Karakoram, and western Kunlun Shan 
have lost less mass than others, and since at least 2000 have 
had balanced mass budgets or even slight mass gains. 

Projections of glacier change are consistent across stud¬ 
ies: glacier mass loss will accelerate through the 21st cen¬ 
tury, and higher-emission scenarios will result in even 
greater mass loss. The rise of regional equilibrium line 
altitudes (ELAs) will eventually result in the complete dis¬ 
appearance of debris-free lower elevation glaciers, and will 
increase volume losses from glaciers with high-elevation 
accumulation areas. 

Glacial lakes occur frequently in the extended HKH, and 
numerous new lakes will form in response to cryospheric 
change. Since the 1990s, glacial lakes show a clear increase 
both in number and in area. Both the largest total glacial lake 
area and the greatest absolute glacial lake growth rate appear 
in the eastern and central Himalaya. Several glacial lakes in 
the extended HKH are potentially hazardous—and as gla¬ 
ciers continue to retreat, the risk of dangerous glacial lake 
outburst floods (GLOFs) may increase further. More 
assessments, projections, and impact studies are needed to 
clarify GLOF risks across the extended HKH. 


Permafrost exists beneath large parts of the extended HKH 
—yet its occurrence and importance is not widely known in 
the region. As permafrost cannot easily be seen, it is easy to 
ignore. Yet permafrost can shape many climate impacts on 
cold regions. Although detailed data are scarce, existing 
measurement sites indicate permafrost warming, with an 
increase in the depth of the active layer. Thawing permafrost 
can reduce ground stability and cause a range of problems, 
from undermining engineered structures, to increased 
occurrence of rockfalls, and increased outburst potential of 
glacier lakes. In addition, thawing permafrost affects the 
hydrological cycle: water stored in ground ice may be 
released or near-surface soil water availability may decline 
as the active layer thickens. 

Continued neglect of permafrost in large parts of the 
extended HKH could limit future capacity for adaptation and 
risk reduction programmes, as relevant environmental trends 
will be misjudged or missed completely. Progress will 
depend on learning more about the physical characteristics 
of permafrost in the extended HKH and about its causal links 
with human activity. Furthermore, observation networks are 
required for developing and testing simulation tools specific 
to extended HKH conditions. 

Information about lake and river ice has been identified as 
a suitable proxy for mean air temperatures and their variability. 
However, very few studies address changes in lake ice cov¬ 
erage, freeze dates, and break-up dates. In situ observations are 
almost non-existent. Remote sensing-based studies show ice 
coverage declining in larger lakes since 1980, but no clear 
trend emerges for the period 2000-12. While no future pro¬ 
jections exist, it is likely that with a continuous increase in air 
temperature, ice coverage will decrease further. 

Hydrological trends related to cryospheric change are dif¬ 
ficult to identify for three reasons: confounding influences 
on discharge, scarcity of long-term data sets, and high 
interannual variability in discharge that masks any temporal 
trends. Nevertheless, large volumes of snow and ice in the 
extended HKH are important regional water supplies—more 
so as one looks further upstream. An increase in air tem¬ 
perature will reduce snowpack accumulations and result in 
earlier and lower snowmelt runoff volumes. Medium- and 
long-term changes in glaciers and permafrost will reduce 
summer melt contributions. 

Our synthesis of the scientific literature on cryospheric 
change in the extended HKH suggests that more resources 
are needed for cryospheric change impact studies—both 
regional-and sector-specific. High-level international agree¬ 
ments should promote systematic data collection, data 
sharing, training of local and regional scientists and techni¬ 
cians, and the development of cryosphere-related hazard 
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warning systems. Above all, stronger global commitments 
are needed to reduce greenhouse gas emissions, as all pro¬ 
jections indicate that lower emission futures result in 
reduced cryospheric change. 

Reliable, freely available, and continuous in situ mea¬ 
surements of glaciers, snowpacks, permafrost, meteorology, 
and hydrology are lacking within the extended HKH. In 
addition, we identify the following critical research gaps for 
which urgent action is needed: 

1. Better SWE observations and estimates are needed for 
high mountain areas; long-term snow course monitoring 
sites and strategies should be developed. 

2. Glacier volume change estimates prior to 2000 are cur¬ 
rently unavailable for several regions—a gap that 
researchers can now fill, however, using declassified 
satellite imagery. 

3. We lack detailed studies of high-elevation snow accu¬ 
mulation and snowmelt processes and scenarios con¬ 
cerning future snowpack properties. 

4. Well-documented, reliable, and long-term hydrological 
observations are needed across different climate zones 
and elevations to assess uncertainty and variability in 
discharge observations, and to improve and develop 
models of hydrological change 

5. Although many studies quantify glacier area and volume 
change, few try to diagnose the reasons for these chan¬ 
ges. Better models of future glacier change will require a 
closer focus on regional glacier sensitivity and the causes 
of regional glacier change. 


Cryosphere and the Sustainable Development 
Goals With its fundamental role in regulating the 
supply of water in the extended HKH, the cryosphere 
is important to achieving several Sustainable Devel¬ 
opment Goals (SDGs). These include the following: 

1. SDG 6—Ensure availability and sustainable man¬ 
agement of water and sanitation for all. Snow and 
ice melt contributions to streamflow vary across the 
extended HKH, and they are more important 
upstream than downstream. Yet they provide a 
reliable water source, and they can buffer against 
years or months of drought or low precipitation. 

2. SDG 7—Ensure access to affordable, reliable, 
sustainable, and modem energy for all. The cryo¬ 
sphere contributes to hydroelectric power genera¬ 
tion. Snow and ice are short- and medium-term 
water reservoirs; their depletion may constrain 


hydroelectric power generation during low-flow 
seasons and affect long-term energy production. 

3. SDG 13—Take urgent action to combat climate 
change and its impacts. The future of the cryo¬ 
sphere depends in part on international agreements 
to mitigate climate change through emission 
reductions. Such reductions will ultimately reduce 
the total impact of climate change on the extended 
HKH cryosphere. 


7.1 Situating the Cryosphere in the Hindu 
Kush Himalaya and Tibetan 
Plateau-Pamir Region 

The Hindu Kush-Himalaya and Tibetan Plateau-Pamir 
includes the world’s highest mountains and probably the 
greatest range of climatic conditions that can be observed 
over a distance of a few hundred kilometres anywhere on the 
planet. Influenced by both the summer monsoon and westerly 
low pressure systems, the occurrence of snow, ice, and per¬ 
mafrost is governed by the mountain topography and how it 
interacts with prevailing atmospheric circulation patterns. 
This section outlines the regional definitions used to examine 
cryospheric change and provides a short introduction to the 
climatic characteristics of the region. For detailed information 
regarding the climate, we refer to Chap. 3 on climate change. 

7.1.1 Defining the Extended HKH Region 
from a Cryosphere Perspective 

This assessment investigates the high mountain regions of 
the Hindu Kush, Karakoram, Himalaya, and Tibetan Plateau. 
The whole of the Pamir is also included in the assessment 
since parts of the Pamir are frequently included in studies 
addressing the Tibetan Plateau, and the remaining parts 
provide important additional information to understand the 
variability of the cryospheric changes. For simplicity, we 
refer to the entire region as the extended HKH region, and 
define it in this chapter to include the Hindu Kush- 
Karakoram-Himalaya-Tibetan Plateau-Pamir mountains. 

To provide a suitable regional overview and highlight 
regional variations in cryospheric trends, we divide the 
extended HKH into 22 subregions (Fig. 7.1). The divisions 
were based on existing regional delineations (Gurung 1999; 
Shi et al. 2008; Shroder 2011) updated according to the 
topographical and climatological characteristics (e.g., 
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Fig. 7.1 High mountains of Asia showing the extended HKH subregions (06-22) used in this assessment (black), the Randolph Glacier Inventory 
(RGI) regions (red), and major rivers (blue) 


Maussion et al. 2014) of the different mountain ranges. 
Regional glacier modelling studies typically use the larger 
region definitions given by the Randolph Glacier Inventory 
(RGI; Pfefifer et al. 2014), and these are also used here 
(Fig. 7.1). 

7.1.2 Regional Climate 

The extended HKH is characterized by extreme topographic 
and climatic heterogeneity. Interactions between atmospheric 
circulation and the world’s tallest mountains produce strong 
horizontal and vertical gradients in both temperature and 
precipitation. In general, the climate is influenced by the East 
Asian and Indian monsoon systems, which deliver the bulk of 
precipitation in the central and eastern Himalayas between 
June and September (Bookhagen and Burbank 2006), with 
annual precipitation totals of up to 3,000 mm (Maussion et al. 
2014; Bookhagen and Burbank 2010). In the western part of 
the region, westerly disturbances in winter account for high 


snowfall ratios (over 80%) in annual precipitation rates of 
1,000-2,000 mm (Barlow et al. 2005; Bookhagen and Bur¬ 
bank 2010; Hewitt 2011; Maussion et al. 2014), but winters in 
the monsoon-dominated central and eastern areas are dry 
(Shrestha et al. 2000). As a result of the topography, mean 
annual temperatures can vary up to 40 °C over distances of a 
few hundred kilometres, and strong gradients of precipitation 
exist across the mountain ranges (Shrestha et al. 2012). 

While precipitation typically increases with elevation due 
to orographic forcing (Barry 1992), the extreme elevations 
and heterogeneity encountered in the extended HKH results 
in vertical precipitation gradients that vary both in space 
(Andermann et al. 2011) and time (Collier and Immerzeel 
2015). In monsoon-dominated regions, the greatest precipi¬ 
tation rates are typically observed at elevations around 3,000 
masl (Putkonen 2004; Bookhagen and Burbank 2006; 
Shrestha et al. 2012). However, in the Upper Indus basin, 
both observations and inverse glacier mass balance mod¬ 
elling suggest that precipitation above 5,000 masl can be 
five-to-ten times greater than that received in the valleys 
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below (Hewitt et al. 1988; Winiger et al. 2005; Hewitt 2005; 
Duan et al. 2015b; Immerzeel et al. 2015). As the dynamics 
and mechanisms of precipitation delivery (orographic versus 
synoptic versus convective) vary throughout the region, 
vertical precipitation gradients cannot be generalized spa¬ 
tially or even seasonally. The spatial variability in climatic 
regimes could account for the spatial heterogeneity of glacier 
response (Sakai et al. 2015; Sakai and Fujita 2017). How¬ 
ever, knowledge of precipitation gradients through remote 
sensing and/or ground-based measurements is critical for 
evaluating basin-wide snow water equivalences. 

Trends in temperature and precipitation vary spatially 
across the extended HKH region (Malik et al. 2016) and are 
examined in detail in Chap. 3. Climatic change will likely be 
amplified by elevation-dependent warming (see Box 7.1), 
placing additional pressures on the extended HKH 
cryosphere. 


7.2 Snow 

Snow is a critical component of the extended HKH cryo¬ 
sphere. Northern hemisphere snow cover plays an important 
role in global hydrology and surface energy balance (Grois- 
man et al. 1994), and regulates the global climate (Frei et al. 
2012). Snow is also a critical short-term water storage 
mechanism (Zhang et al. 2012), with a potentially high sen¬ 
sitivity to future climate change (Barnett et al. 2005; 
Immerzeel et al. 2009). People in the river basins of the 
extended HKH region rely to a varying degree on snowmelt 
for drinking water, irrigation, and hydropower generation 
(Bookhagen and Burbank 2010; A. Lutz et al. 2014), while 
snow cover on the Tibetan Plateau has a profound influence 
on atmospheric circulation and the Asian monsoon (Wu and 
Zhang 1998; Bansod et al. 2003; Qian et al. 201 1). Changes in 
seasonal snow cover will directly impact the availability and 
seasonal distribution of fresh water in mountain river basins 
(Beniston 2003; Mukhopadhyay and Khan 2015) and will 
also affect permafrost via alterations in the thermal coupling 
between atmosphere and subsurface. This section explores 
how snow is measured, and summarizes the observed and 
projected changes in snow cover in the extended HKH region. 

7.2.1 Monitoring of Snow 

Snow is quantified through in situ measurements of snow 
depth, snow water equivalent (SWE), or as a precipitation 
volume. Annual snow accumulation rates can be estimated 
from glacier mass balance records (Sect. 7.3) and fim or ice 
cores. Remotely-sensed snow measurements include 
snow-covered area (SCA), snow-covered fraction (SCF), 


and derived quantities such as snow cover duration (SCD). 
Snowline elevations are also sensitive indicators of climate 
change, and are highly correlated with glacier equilibrium 
line altitudes (ELAs) and mass balance. Unfortunately, the 
lack of in situ observations represents a serious limitation to 
snow-related studies in the extended HKH (Rohrer et al. 
2013; Salzmann et al. 2014). 

7.2.1.1 Field Measurement 

Field measurements are challenging to maintain in high 
mountain areas due to poor accessibility and challenging 
weather conditions (e.g., Germann et al. 2006; Palazzi et al. 
2013; Shea et al. 2015a). There are a number of specific 
problems in measuring snowfall in the extended HKH. First, 
solid precipitation is difficult to measure in windy environ¬ 
ments, and gauge undercatch can be a significant problem 
(Forland et al. 1996), but instruments that continually mon¬ 
itor SWE (e.g., snow pillows) directly are rare in the region 
(Hasson et al. 2014) and are also susceptible to errors. Sec¬ 
ond, most weather stations in the extended HKH lie below 
5,000 masl (Shrestha et al. 1999; Fowler and Archer 2006; 
Ma et al. 2008) and are thus not representative of glacier 
accumulation areas or the elevation of maximum snow 
accumulation (Harper and Humphrey 2003; Immerzeel et al. 
2015). Finally, available in situ data is usually fragmented 
and held by different stakeholders in the regional countries 
and not easily accessible (Dahri et al. 2016). 

Point glacier mass balance measurements may be used to 
assess seasonal snow accumulations at high elevation loca¬ 
tions, though this is complicated by wind erosion/drift, 
sublimation, and access difficulties. Ice cores and shallow 
fim cores provide an important method for evaluating past 
snow accumulation rates and can provide century-scale 
series of climatic data at high elevations where observations 
are sparse or non-existent (Kaspari et al. 2008; Duan et al. 
2015a). However, possible locations for ice cores are lim¬ 
ited, and the data are subject to the same complications as 
point mass balance measurements. Climate reconstmctions 
have been made from ice cores taken from the Everest region 
(Kaspari et al. 2008), the Pamir (Aizen et al. 2009), and in 
several locations on the Tibetan Plateau (Thompson et al. 
2000; Aizen et al. 2006). 

7.2.1.2 Remote Sensing Measurement 

Remote sensing offers one of the most promising sources of 
information on snow in the extended HKH, due to the large 
spatial extent of the region and the inaccessible terrain 
(Immerzeel et al. 2009). Optical remote sensing techniques 
have been used previously in the region to measure 
snow-covered area or fraction, snow cover duration, and 
albedo (Hall et al. 2006; Pu and Xu 2009; Frei et al. 2012; 
Brun et al. 2015). Active microwave sensors can provide 
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Box 7.1 Accelerated warming at high elevations 

Arctic amplification, whereby enhanced warming over time (dT/dt) is evident at high latitudes (Serreze and Barry 
2011; Hinzman et al. 2005), is well accepted amongst the scientific community. There is also strong theoretical 
reasoning indicating that this enhancement should apply at high elevations (Mountain Research Initiative EDW 
Working Group 2015). Elevation dependent warming (EDW) is encouraged by many physical mechanisms (Fig. 7.2). 
Changes in surface characteristics caused by snow/ice melt and treeline-migration will tend to decrease surface albedo 
and enhance dT/dt in a particular elevation band as the snowline/treeline moves upslope (Fig. 7.2a). A warmer 
atmosphere can hold more moisture, which will encourage increased latent heat release, especially at high elevations 
(Fig. 7.2b). A moistening of the atmosphere will also increase downwelling of longwave radiation since water vapour 
is a greenhouse gas, but the effects of a given moistening will be increased at high elevations, which are currently very 
dry (Fig. 7.2c). Blackbody longwave radiation emissions are proportional to the fourth power of temperature; 
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Fig. 7.2 Schematic diagrams of five mechanisms of elevation dependent warming. dT/dt is the change in temperature over time (adapted 
from Mountain Research Initiative EDW Working Group 2015) 
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near-surface air temperature sensitivities will therefore be greater at the lower temperatures common in both high 
latitudes and high mountains (Fig. 7. 2d). Finally, aerosols, in particular black carbon and dust, cause both global 
dimming at lower elevations (meaning less effect in high mountains) and, when deposited on snow and ice, encourage 
more rapid melt of glaciers (Fig. 7.2e). Combined, these five factors result in amplified warming observed in 
high-mountain environments in comparison to their adjacent lowlands. 

Unfortunately, observational evidence of EDW is limited, primarily because of a lack of high elevation data. Surface 
stations are biased towards low elevations, satellites measure local surface temperature (which shows extreme local 
variability), and models, although very powerful tools, are usually not of high enough resolution to capture the com¬ 
plexities of high elevation terrain. Thus, it is possible that future climate changes in mountain regions are currently 
underestimated. 


information about snow characteristics (Koskinen et al. 
1997; Foster et al. 2011), snowmelt onset, and snow accu¬ 
mulation (Tedesco and Miller 2007). 

Snowline elevations in the extended HKH have been 
monitored with a combination of optical imagery and digital 
elevation models (Thakuri et al. 2014; Wu et al. 2014; Kro- 
nenberg et al. 2016; Spiess et al. 2016). For temperate gla¬ 
ciers, snowline elevations at the end of the melt season are 
directly related to glacier mass balance (Dumont et al. 2012) 
and water resources (Winiger et al. 2005). But snowline ele¬ 
vations vary spatially and temporally, and are prone to rapid 
fluctuations in response to individual storm events. 

From a water resources standpoint, distributed measure¬ 
ments of SWE are of primary importance as SWE relates 
directly to the water available for melt and streamflow. Pas¬ 
sive microwave (PM) remote sensing, despite being subject to 
considerable uncertainties (Chang et al. 1987; Konig et al. 
2001; Qin et al. 2006; Frei et al. 2012; Tiwari et al. 2016), 
offers a potentially useful tool to measure SWE (Smith and 
Bookhagen 2016). The typical resolution of PM sensors (e.g., 
Special Sensor Microwave/Imager, or SSM/I) is large (8- 
60 km), but it has been used to monitor snowmelt onset in the 
western Pamirs (Vuyovich and Jacobs 2011). 

Spacebome radar has been used to measure precipitation 
rates and totals across the extended HKH (Anders et al. 
2006; Bhatt and Nakamura 2006; Bookhagen and Burbank 
2006; Yin et al. 2008). These studies indicate that the spatial 
pattern and magnitude of annual precipitation are consistent 
from year to year. Unfortunately, snowfall is not well cap¬ 
tured by the Tropical Rainfall Measurement Mission 
(TRMM) platform, and only limited information can be 
obtained from satellites about high-elevation snowfall rates 
and accumulated SWE (Anders et al. 2006). 

7.2.1.3 Regional Differences in Snow Cover 

Snow cover varies considerably both spatially and tempo¬ 
rally over the extended HKH, but no study has systemati¬ 
cally evaluated snow cover metrics (SCA, SCF, SCD) for 


the entire region. The average snow-covered area of the 
extended HKH ranges between 10 and 18%, with mean 
maximum and mean minimum values of 21-42% in winter 
and 2-4% in summer (Immerzeel et al. 2009; Gurung et al. 
201 1). About 59% of the Tibetan Plateau is snow-covered in 
the winter, with the southeastern portion having the deepest 
and most persistent snow (Qin et al. 2006; Li et al. 2009). 
However, snow cover on the Tibetan Plateau is often shal¬ 
low and patchy, and of short duration (Robinson and Dewey 
1990; Qin et al. 2006). 

Westerly-affected regions such as the Karakoram and 
Pamir have extensive winter snow cover (Xiao et al. 2007; 
Pu and Xu 2009; Zhou et al. 2013; Shen et al. 2015; Tahir 
et al. 2016), while snow cover in monsoon-dominated areas 
is limited to high elevations (Immerzeel et al. 2009; Dahri 
et al. 2011; Savoskul and Smakhtin 2013; Hasson et al. 
2014; Singh et al. 2014). The snow-covered area in the 
upper Indus Basin (UIB) varies between 4 and 57%, with the 
maximum occurring in spring; westerly-affected catchments 
within the UIB have a higher mean annual snow-covered 
area, at 51%, than monsoon-dominated catchments, at 20% 
(Hasson et al. 2014). The UIB is generally more 
snow-covered than the entire extended HKH (Immerzeel 
et al. 2009), with an average annual snow-covered area value 
of ~34% (12% in summer and ~57% in spring). The 
snow-covered area in three entire large river basins (Indus, 
Ganges, and Brahmaputra) ranges from 85% during snow 
accumulation periods to approximately 10% during ablation 
periods (Singh et al. 2014; Tahir et al. 2016). 

7.2.2 Observed Changes 

Information extracted from ice cores on the Tibetan Plateau 
shows decreased snow accumulation rates since the 1960s at 
many high-elevation sites (Thompson et al. 2000; Hou et al. 
2002; Kehrwald et al. 2008; Kang et al. 2015; An et al. 
2016). Coarse-resolution SSM-I products also show 
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Fig. 7.3 Snow cover fraction trends (%/yr) over the extended HKH from 2000 to 2014 (,Source Li et al. 2017) 


decreases in snow cover duration between 1966 and 2001 at 
all elevations across the extended HKH (Rikiishi and 
Nakasato 2006). Increases in winter SCA/SCF fraction have 
been observed in westerly-dominated basins since 2000 by 
most of the studies, and are either decreasing or stable 
elsewhere (Immerzeel et al. 2009; Hasson et al. 2014; Wang 
et al. 2015c; Tahir et al. 2016; Fig. 7.3). However, a recent 
study found a slightly decreasing trend of winter snow cover 
in the west based on similar data but a slightly longer period 
(2000-2014) (Li et al. 2017). This indicates the need for 
further investigations to resolve discrepancies. 

7.2.2.1 Hindu Kush-Himalaya-Karakoram 

The reported changes in snowline elevation, snow cover, and 
snow accumulation rates in the extended HKH are inconsis¬ 
tent. High interannual variability in snow cover and relatively 
short (<15 years) datasets also prevent trend detection. 


Annual snow-covered area trends over the entire exten¬ 
ded HKH since 2000 are negative, but not significant 
(Gurung et al. 2011); slight increases (but still insignificant) 
have been observed in autumn in the central and eastern 
Himalayas, and in spring and summer in the western 
Himalayas (Gurung et al. 2011; Maskey et al. 2011; Wang 
et al. 2013a). At the river basin scale, snow-covered area 
increased in the Indus basin, but decreased in the Ganges 
and Brahmaputra basins between 2000 and 2011 (Singh 
et al. 2014). Late winter and spring snow cover, in particular, 
has decreased in the UIB since 2000 (Immerzeel et al. 2009; 
Mukhopadhyay 2012; Li et al. 2017). 

End-of-summer snowline elevations in Himachal Pradesh 
rose by approximately 400 m between 1980 and 2007, a rate 
of 14.8 m/yr (Pandey et al. 2013), while end-of-summer 
snowline elevations in the UIB lowered by 20 m/yr between 
2000 and 2011 (Hasson et al. 2014). 
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Increased snow accumulation has been reported in the 
eastern extended HKH (Zhou et al. 2007), but this contrasts 
with results derived from ice cores from the Everest region 
which showed decreased snow accumulation totals since the 
1970s (Kaspari et al. 2008). Modelled snowfall in the 
extended HKH region has decreased since 1861 (Kapnick 
et al. 2014). Glacier albedo, which depends on pollution (see 
Box 7.2), snow cover, and snowline elevation, has decreased 
at multiple sites in the extended HKH since 2000 (Ming 
et al. 2012; Bran et al. 2015; Xu et al. 2016). A positive 
trend in albedo was noted at Chhota Shigri Glacier (see 
Sect. 7.3), however, MODIS observations of albedo should 
be interpreted with caution. 

Box 7.2 Black carbon, dust, aerosols 

The Hindu Kush-Himalaya lies downwind of large 
sources of pollution produced by electricity genera¬ 
tion, biomass burning, and brick factories. Short-lived 
climate pollutants (SLCPs) such as black carbon, dust, 
and other aerosols, affect snow and ice melt rates 
through direct and indirect effects. Direct effects 
include the darkening of the surface due to deposition, 
which will increase melt rates on snow in particular. 
However, black carbon and dust in the atmosphere 
also lead to local warming of the air mass. The net 
effect of SLCPs may be up to an order of magnitude 
greater than that observed from C0 2 alone (Rama- 
nathan and Carmichael 2008; Jacobi et al. 2015). 
SLCPs can lead to earlier melt onset, advanced 
snowline retreat, and an increase in annual glacier 
melt, but these impacts depend on the timing of 
deposition and local meteorology (Menegoz et al. 
2014). Knowledge of the temporal and spatial distri¬ 
bution of SLCPs, and in particular their distribution 
with elevation, will lead to improved estimates of their 
impact on snow and ice melt. Chapter 10 (Air Pollu¬ 
tion) provides detailed information on air pollution 
sources and impacts. 


7.2.2.2 Pamir 

Snowmelt is of particular importance to river basins in 
central Asia (Aizen et al. 1995). Though records of snow 
cover are short, significant decreasing trends have been 
observed in snow cover duration in the Amu Darya basin 
(Zhou et al. 2013). Variations in snow cover duration can be 
caused by either earlier melt onset dates or delayed snow 
cover onset (Dietz et al. 2013). A decrease in maximum 
snow depth and snow cover duration has accompanied a 
general warming trend in the Muztag Ata region 
(Unger-Shayesteh et al. 2013). Confirmation of reduced 


snow accumulation in eastern Pamir since the 1970s was 
obtained from ice core measurements (Duan et al. 2015a). 

7.2.23 Tibetan Plateau 

Recent decreases in average annual and winter 
snow-covered fraction and snow depth have been observed 
on the Tibetan Plateau (Ma 2008; Wang et al. 2013b, 2015a; 
Xu et al. 2016; Pig. 7.3). As TP snow cover is generally thin 
and patchy (Qin et al. 2006), it is assumed to be highly 
sensitive to climate change (Pu et al. 2007; Li et al. 2008; 
Kang et al. 2010). Longer snow records based on station 
data suggest that snow cover increased between the 1950s 
and late 1990s, with increased inter-annual variability since 
the mid-1980s (Qin et al. 2006), and it has been speculated 
that this may be due to changes in atmospheric water vapour 
content. Analyses of station data from 1951 to 2004 indicate 
that snow cover at the margins of the Tibetan Plateau is more 
sensitive to climate change than in the interior (Ma et al. 
2010). Increases in both temperature and precipitation have 
resulted in an elevation-dependent snow cover response in 
eastern Tibet, with decreased snow cover duration at lower 
elevations and increased snow cover duration at higher 
elevations (Gao et al. 2012; Wang et al. 2015a). 

7.2.3 Projected Changes 

There are relatively few projections of future snowpack 
behaviour in the extended HKH. At the basin scale, high 
emission climate scenarios (RCP8.5) from the most recent 
Coupled Model Intercomparison Project (CMIP5) show 
snowfall reductions of 30-50% in the Indus Basin, 50-60% in 
the Ganges basin, and 50-70% in the Brahmaputra Basin by 
2071-2100 (Viste et al. 2015). A 50% reduction in average 
basin SWE has also been projected for the Upper Indus by the 
2050s (Bocchiola et al. 2011) under a ‘business-as-usual’ 
emission scenario (SRES A2). Snow depth reductions of 25- 
50% and 17-39% have also been projected for the Himalayas 
and Hindu Kush-Karakoram, respectively (Terzago et al. 
2014), though an earlier modelling study of the Spiti River 
showed only a 1-7% decrease in SWE in response to a +2 °C 
temperature increase (Singh and Kumar 1997). Projected 
decreases in end of winter SWE (Diffenbaugh et al. 2013) 
across the Himalaya may not be relevant to local hydrology, 
particularly in monsoon-dominated regions, since winter 
snow only comprises a small fraction of all snow here. 

By 2100, snowline elevations are projected to rise 
between 400 and 900 m (4.4 to 10.0 m/yr) in the Indus, 
Ganges, and Brahmaputra basins under RCP8.5 emission 
scenarios (Viste et al. 2015). Coarse resolution general cir¬ 
culation models (GCMs) project a similar rate of rise in the 
freezing line altitude (zero degree isotherm) for the region 
(Ghatak et al. 2014). Chevallier et al. (2014) project a 
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snowline rise of 4-7 m/yr for the Pamir region. We note that 
these values are higher than the average 150 m increase in 
snowline that corresponds to a 1 °C increase in temperature 
in mountain regions (Beniston 2003). 

In western China, snowfall totals may increase until 
mid-century (Li et al. 2008), while decreases are expected in 
eastern China and Inner Mongolia. Future decreases in snow 
cover and depth on the Qinghai-Tibetan Plateau (QTP) are 
dependent on emissions scenarios, with accelerated snow 
losses under high-emissions scenarios (Wei and Dong 2015). 

7.2.4 Recommendations 

Deferences in reported snow cover trends may be due to dif¬ 
ferences in data sets, methodologies, areas covered, and time 
periods. Future snow cover research should aim for systematic 
basin-scale studies and consistent methodologies. Remote 
sensing missions and products developed for sustained moni¬ 
toring are critical to reduce the uncertainties associated with the 
present lack of coherence in observing systems. 

Our review identifies a number of key areas that have not 
been addressed in the published literature with respect to 
snow. These include: 

• More robust estimates of regional snowline elevation 
change based on time-series of optical satellite imagery 
(as opposed to end-of-season snapshots, which are not 
suitable for monsoon climates) 

• Regional studies of the rain-snow limit: how does it vary 
spatially and temporally? What are the implications of a 
temperature increase on solid/liquid precipitation 
volumes? 

• Detailed studies of pollution transport and the impacts of 
regional pollution on the surface energy balance of 
high-elevation snowpacks (Box 7.2) are required to 
examine the cascading effects on snow hydrology and 
glacier mass balance. 

• Attribution of snow cover extent and duration changes to 
meteorological conditions should be considered. What 
drives the spatial variability in snowpack changes? 

• Improvement in the resolution and frequency of micro- 
wave SWE monitoring from satellites 


7.3 Glaciers 

Glaciers are important indicators of climate change (IPCC 
2013). Glacier meltwater contributes to the discharge of 
major Asian rivers (Immerzeel et al. 2010) and feeds 


endorheic lakes on the Tibetan Plateau (Zhang et al. 2013). 
The importance of the glacier melt contribution varies across 
the region, but generally increases upstream (Lutz et al. 
2014). Glaciers store meteoric water in the form of ice and 
release water in the warmer months, and are an important 
source of water in drier regions and seasons (Kaser et al. 
2010). Changes in glaciers might also increase risks, espe¬ 
cially from glacial lake outburst floods (Richardson and 
Reynolds 2000; Sect. 7.4). 

This section introduces existing methods to measure 
glacier area and estimate their volume and then provides a 
synthesis of glacier changes throughout the extended HKH, 
followed by a summary of projected future change. 

7.3.1 Measuring Glacier Change 

Our knowledge of glacier changes in the extended HKH 
has increased substantially in recent years and a number of 
studies provide an overview of the changes in the region 
(Bolch et al. 2012; Kaab et al. 2012; Yao et al. 2012; Gardner 
et al. 2013; Brun et al. 2017). Glacier fluctuations are not only 
a reaction to climatic forcing (Leysinger Vieli and Gud- 
mundsson 2004; Oerlemans 2005; Leclercq and Oerlemans 
2012; Liithi et al. 2015; Hewitt 2005): glacier responses are 
also affected by topographic features such as the length, area, 
glacier surface slope, glacier bedrock slope, and surroundings 
(e.g., proglacial lake, type of bedrock sediment), supraglacial 
features (debris-cover, lakes, ice cliffs, and so on), subglacial 
hydrology, and surge dynamics (in the case of surge-type 
glaciers). As a result, changes in glacier length and area 
through advance or retreat are an indirect, delayed, and fil¬ 
tered signal to changes in climate. In contrast, the glacier mass 
balance (i.e., the annual change in volume or mass) is a rel¬ 
atively direct and undelayed response to the annual atmo¬ 
spheric conditions (Haeberli and Hoelzle 1995). 

Comparison of glacier outlines obtained from different 
periods in time, usually from remote sensing data, allows 
quantification of glacier length and area changes (Paul et al. 
2004; Shangguan et al. 2007; Bolch et al. 2010a; Bhambri 
et al. 2011). Area changes of debris-covered glaciers need 
special consideration as glaciers with thick debris-cover 
typically exhibit lower rates of shrinkage than debris-free 
glaciers (Scherler et al. 2011; Nuimura et al. 2012; Piec- 
zonka and Bolch 2015). 

Glacier mass changes can be measured in the field and by 
remote sensing. In situ measurements consist of ablation 
measurements with ablation stakes and accumulation mea¬ 
surements using snow pits (Kaser et al. 2003). The results of 
these measurements are then extrapolated to the entire glacier 
(Hock and Jensen 1999), with glacier-wide errors of typically 
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0.30 m w.e./yr if the measurement locations are well dis¬ 
tributed over the entire glacier (Wagnon et al. 2013). In situ 
measurements provide detailed information but are laborious 
and can therefore only be obtained for relatively few glaciers. 
As reported by Vincent et al. (2013) and Gardner et al. (2013) 
glaciological mass balance data may be negatively biased due 
to poor spatial sampling. For this reason, we exclude data sets 
that have known errors from our analysis. 

A widely-used approach to estimate glacier volume 
change and subsequently the mass change is the geodetic 
approach, or the difference in surface elevation measured at 
two or more points in time (Finsterwalder 1954; Bamber and 
Rivera 2007; Berthier et al. 2007; Bolch et al. 2010a). The 
major advantage of the geodetic approach is that large 
regions can be investigated simultaneously, but it is con¬ 
strained by the availability of suitable elevation data or 
imagery. A global comparison of direct and geodetic mass 
balance measurements yields root mean square errors of 
approximately 0.4 m w.e./yr (Cogley 2009). 

The Gravity Recovery and Climate Experiment 
(GRACE) programme has provided additional estimates of 
glacier mass loss or gain in the extended HKH region 
through analysis of changes in the earth’s gravity field. 
Though gravimetric changes do not only depend on glacier 
mass changes (e.g., Reager et al. 2016), GRACE data pro¬ 
vide useful insights on the interannual variability of mass 
balance (e.g., Yi and Sun 2014). However, large interannual 
variability in the gravity signal for the extended HKH region 
results in large uncertainties in mass loss estimates: -4 zb 20 
Gt over the period 2003-2010 (Jacob et al. 2012). 

Modelling provides a final avenue for examining glacier 
mass change. For a detailed discussion on glacier mass balance 
models and limitations, see Sect. 7.3.4 (Glacier projections). 

7.3.1.1 Glacier Area 

Knowledge about glacier cover is crucial, but only since the 
release in 2012 of the first Randolph Glacier Inventory (RGI, 
www.glims.org/rgi) (Arendt et al. 2012; Pfeffer et al. 2014) 
has a complete inventory of glaciers in the entire extended 
HKH region been freely available. Earlier information about 
glacier coverage exists, but the quality varies and the data is 
often not available in digital format. 

Prior to the satellite era, information about glacier area 
was based on manual delineation from aerial photography or 
topographic maps. Freely available satellite imagery has 
greatly facilitated glacier mapping. This is especially true for 
the satellites which also provide short wave infrared acqui¬ 
sitions (such as Landsat TM, launched in 1984), as this 
wavelength allows automated identification of clean ice and 
snow (Paul et al. 2002). Automated classifications of 
debris-covered ice and seasonal snow on glacier-free areas 
are more difficult, and manual adjustments are needed to 
improve the quality. Current inventories are based solely on 


manual delineations (Nuimura et al. 2015) or on automated 
classification with manual post-processing (Bajracharya and 
Shrestha 2011; Frey et al. 2012). Satellite images also allow 
the identification of moraines from the Little Ice Age 
(LIA) and thus provide information on the LIA extent of 
glaciers (Baumann et al. 2009; Loibl and Lehmkuhl 2014). 
Uncertainties in glacier inventories result mainly from the 
resolution of the selected images, their quality with respect 
to snow and cloud cover, the existence of cast shadows, and 
the presence of debris cover (Paul et al. 2013). 

Publicly available glacier inventories now exist for the 
entire High Mountain Asia (HMA) region (GAMDAM 
inventory, Nuimura et al. 2015), as well as larger subregions 
such as NW India (Frey et al. 2012), China (Guo et al. 2015), 
eastern Himalaya (Nagai et al. 2016; Ojha et al. 2017), and the 
whole of Hindu Kush-Karakoram-Himalaya (Bajracharya and 
Shrestha 2011). Recent inventories still contain significant 
differences in area; these can arise from different method¬ 
ological approaches, difficulties such as snow and cloud cover 
on available satellite scenes, the treatment of debris-covered 
glaciers, and, in particular, different definitions of the glaciers. 
For example, GAMDAM (Nuimura et al. 2015) largely 
omitted ice on steep headwalls, while these areas are included 
in Frey et al. (2012). The available recent estimates of glacier 
area for the entire extended HKH (Table 7.1) vary 
from ~ 76,580 km 2 (GAMDAM, Nuimura et al. 2015) to 
81,140 km 2 (RGI5.0, Arendt et al. 2015). 


Table 7.1 Recent estimates of glacier area and volume for the 
extended HKH region 


Himalaya a 

Karakoram b 

Pamir c 

Tibetan-Plateau d 

References 

Glacierized area (km 2 ) 

21,973 

21,205 

NA 

NA 

Cogley 

(2011) 

22,829 

17,946 

NA 

NA 

Bolch et al. 
(2012) 

19,991 

18,563 

10,403 

27,622 

Nuimura 
et al. (2015) 

NA 

NA 

NA 

31,573 

Guo et al. 
(2015) 

26,688 

19,962 

13,071 

39,822 

RGI 3.2 

20,070 

21,475 

10,681 

28,912 

RGI 5.0 


Ice volume (km 3 ) 


1,212 

1,683 

NA 

NA 

Huss and 





Farinotti 





(2012) 

1,297 

1,869 

NA 

NA 

Frey et al. 
(2014) 


a Regions 10-12 
b Region 9 
c Regions 6-7 

d Regions 13-22 as defined in Fig. 7.1 
NA = not available 
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Between 10 and 25% of the total glacierized area in the 
Karakoram and Himalayan ranges is debris-covered 
(Scherler et al. 2011; Bajracharya and Shrestha 2011). In 
the upper Indus basin ~18% of the total glacier area is 
debris-covered (Khan et al. 2015); in the Ganges basin this is 
~ 14%, and in the Brahmaputra basin this is ~ 12% (Baj¬ 
racharya and Shrestha 2011). Lower topographic relief, and, 
on average, lower glacier ablation rates, limit the number of 
debris-covered glaciers on the TP. 

Surging glaciers exhibit recurrent periods of elevated 
flow velocity (or surges) at rates of one to two orders of 
magnitude greater than during their periods of inactivity (or 
quiescence). Surging glaciers are especially common in the 
Karakoram (Copland et al. 2011; Paul 2015) and Pamir 
(Kotlyakov et al. 2008), but also occur in western Kunlun 
(Hewitt 2007; Kotlyakov et al. 2008; Hewitt 2011; Quincey 
et al. 2011; Sevestre and Benn 2015). The cause of glacial 
surging in the extended HKH region is largely unknown, 
although links have been made to climate, internal dynam¬ 
ics, and subglacial hydrology (Yasuda and Furuya 2013, 
2015). Analyses of glacier change should distinguish care¬ 
fully between surging and non-surging glaciers, as surging 
glaciers will exhibit patterns of length, area, and elevation 
changes that are inconsistent with those of nearby 
non-surging glaciers. 

7.3.1.2 Glacier Volume 

There are essentially two different methods to estimate gla¬ 
cier volume: (1) volume-area scaling approaches (Bahr et al. 
1997; Cogley 2011), where ice volume is calculated based 
on an empirical formula in relation to the glacier area, as 
larger glaciers tend to be thicker; and (2) distributed esti¬ 
mates of glacier thickness (Huss and Farinotti 2012; Lins- 
bauer et al. 2012; Farinotti et al. 2017). Empirical 
volume-area scaling approaches are potentially strongly 
misleading and inappropriate, particularly for the composite 
glaciers found in the extended HKH region, and we caution 
against their use in estimating glacier volumes. Distributed 
approaches are based on the assumption that ice thickness 
can be related to glacier slope, flow velocity, and basal shear 
stress. Freely available surface elevation data can thus be 
used to estimate current and future glacier thicknesses and 
bed topographies. All methods of ice volume estimation tend 
to have large uncertainties (Frey et al. 2014; Farinotti et al. 
2017) and are calibrated to the limited number of existing 
thickness measurements (Gartner-Roer et al. 2014). 

Depending on the inventory and method used, total gla¬ 
cier volumes are estimated to range between 3,000 and 
4,700 km 3 (Table 7.1) (Frey et al. 2014). According to these 
available estimates, the volume of glacier ice in the 
Karakoram is likely to be larger than the volume in the 
Himalaya. 


7.3.1.3 In Situ Mass Balance Measurements 
and Reference Glaciers 

International organizations such as the United Nations 
(UN) and the International Council for Science (ICSU) 
recommend the collection of detailed, direct, and long-term 
standardized measurements of seasonal glacier mass chan¬ 
ges. To bridge the gap between detailed process studies and 
global coverage, field-based glacier measurements should be 
combined with observations of glacier length change, 
geodetic mass balance, meteorology, and streamflow varia¬ 
tions. And ideally, these measurements should be represen¬ 
tative of a particular region (International Hydrological 
Decade 1970; Fountain et al. 2009). Monitoring and 
reporting agencies for glacier mass balance include the 
World Glacier Monitoring Service (WGMS) as part of the 
Global Terrestrial Network for Glaciers (GTN-G) within the 
Global Climate Observing System (GCOS), both of which 
follow guidelines set out by Haeberli et al. (2007). 

Although measurements should be representative of a 
region, glaciers are usually chosen for detailed measurement 
based on logistical constraints rather than representation. 
Glaciers with mass balance observations tend to be located 
in accessible regions at lower elevation ranges. This, in 
addition to the difficulties involved in accessing accumula¬ 
tion areas (Vincent et al. 2013), may lead to negatively 
biased mass balance measurements (Fujita and Nuimura 
2011). There are only three sets of long-term (>30 years) 
in situ mass balance measurements in all of High Mountain 
Asia—in the Pamir-Alay (Abramov Glacier) and Tien Shan 
(Urumqi Glacier No. 1 and Tuyuksu Glacier). Despite the 
large area of ice cover in the extended HKH, there are no 
long-term measurements available from anywhere in the 
region. In total, only about 30 glaciers, covering an area of 
less than 120 km 2 out of the total glacierized area of 80- 
100,000 km 2 , have had direct glaciological measurements 
made for one or more years. 

Several mass balance studies were initiated in the 
extended HKH in the 1970s but were discontinued after 
some years. Direct mass balance measurements were made 
on only four glaciers during the 1990s (AX010, Rikha 
Samba, Kangwure, and Dokriani). These measurements 
were either short (<5 years) or discontinuous (e.g., Dokriani 
Glacier) and provide an incomplete picture of glacier 
change. The longest time series of in situ mass balance 
measurements in the extended HKH is that for the Xiao 
Dongkemdi Glacier on the Tibetan Plateau, where mea¬ 
surements started in 1989. The longest mass balance time 
series in the Himalaya is Chhota Shigri, where measure¬ 
ments started in 2002 (Table 7.2). There are several other 
glaciers in the extended HKH which have published data for 
several years of investigations, are still being investigated, 
and/or have been selected for continuous measurement. 
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Table 7.2 Glaciers with 5 or more years of in situ mass balance data where measurements are still ongoing 


Glacier name 

Region 

Country 

Latitude 

Longitude 

Measurement 

period(s) 

Sources 

Chhota Shigri 

Lahaul-Spiti 

India 

32°28’N 

77°52’E 

Since 2002 

Azam et al. (2016); WGMS 

Phuche Glacier 

Ladakh 

India 

34°16’N 

77°33’E 

Since 2010 

Thayyen et al. (2015) 

Rikha Samba 

Hidden Valley 

Nepal 

28°50’N 

83°30’E 

1998-1999 
Since 2011 

Lujita and Nuimura (2011); WGMS 

Yala 

Langtang 

Valley 

Nepal 

28°14’N 

85°36’E 

1996, 1998 
Since 2011 

Lujita and Nuimura (2011), Baral et al. (2014); 
WGMS 

Mera 

Dudh Koshi 

Nepal 

27°43’N 

86°52’E 

Since 2007 

Wagnon et al. (2013), Sherpa et al. (2017); 
WGMS 

Pokalde 

Dudh Koshi 

Nepal 

27°55’N 

86°50’E 

Since 2009 

Wagnon et al. (2013), Sherpa et al. (2017); 
WGMS 

West Changri Nup 

Dudh Koshi 

Nepal 

28.0°N 

86.8°E 

Since 2010 

Sherpa et al. 2017; WGMS 

Qiyi 

Qilian Shan 

China 

39°15’N 

97°45’E 

1975-1977 
1984-1988 
2002-2003 
Since 2006 

Yao et al. (2012) 

Xiao Dongkemadi 

Tanggula Shan 

China 

33°10’N 

92°08 ,, E 

Since 1989 

Lujita et al. (2000), Yao et al. (2012); WGMS 

Parlung Glacier No. 94 

SE-Tibet 

China 

29°23’N 

96°59’ 

Since 2006 

Yao et al. (2012); WGMS 


Table 7.2 shows all glaciers with measurements for more 
than five years which have an ongoing measurement pro¬ 
gramme. We refer to the Supplementary Table S7.1 for all 
available measurements. 

7.3.2 Observed Changes 

7.3.2.1 Hindu Kush-Himalaya-Karakoram 

Since the mid-18th century, glaciers in the extended HKH 
have been, on average, in retreat (Iwata 1976; Mayewski and 
Jeschke 1979; Brauning 2006). A regional increase in the 
number of glaciers that were stationary or advancing was 
observed between 1920 and 1940, with the maximum 
advance of most Karakoram glaciers observed in 1940 
(Mayewski and Jeschke 1979). 

Since the 1950s, only reductions in glacier area (or 
shrinkage) have been observed (Fig. 7.4). Based on a com¬ 
pilation of area change studies, eastern Himalaya glaciers 
have tended to shrink faster than glaciers in the central or 
western Himalaya. A clear recession of glaciers has also 
been observed on the northern slopes of the Himalaya (Nie 
et al. 2010; Li et al. 2011; Shangguan et al. 2014; Xiang 
et al. 2014). Rates of area change range between -0.1%/yr 
for the Chandra-Bhaga basin (northwestern Indian Hima¬ 
laya) between 1980 and 2010 to more than -1.0%/yr for the 
Poiqu basin (on the northern slopes of central Himalaya) 
between 1986 and 2001. Smaller glaciers are shrinking faster 
on average than larger ones (Bhambri et al. 2011; Bolch 
et al. 2010a; Thakuri et al. 2014; Ojha et al. 2016), 


although the smaller glaciers of Ladakh show lower rates of 
retreat than other Himalayan glaciers (Schmidt and Niisser 
2012 ). 

While glaciers in the Hindu Kush mountains have also 
experienced significant length reductions since 1973 (Hari- 
tashya et al. 2009; Sarikaya et al. 2012), we were unable to 
identify any studies that specifically examined area change 
in this region. 

Reported shrinkage rates for the heavily debris-covered 
glaciers in the Khumbu Himalaya vary depending on the 
time window and the glaciers investigated. Reported rates of 
area change vary between -0.12 ± 0.05%/yr for the period 
1962-2005 (20 glaciers; Bolch et al. 2008) and 

-0.27 zb 0.06%/yr for the period 1962-2011 (29 glaciers; 
Thakuri et al. 2014). 

In contrast to the Himalayan glaciers, a complicated 
picture emerges in the Karakoram, where large, often rapid, 
advances and retreats have occurred, more or less out of 
phase with one another (Hewitt 2011; Bhambri et al. 2013; 
Paul 2015). On average, glacier areas in the Karakoram have 
not changed significantly (Bhambri et al. 2013; Minora et al. 
2016; Fig. 7.4). Individual glaciers, however, have shown 
large area increases or decreases due to surge behaviour, 
while non-surge-type glaciers were relatively stable over the 
last decade. Given the context of glacier retreat throughout 
the rest of the extended HKH region, this behaviour has been 
designated the ‘Karakoram anomaly’ (Hewitt 2005). In 
contrast, Liu et al. (2006) reported a significant area loss at a 
rate of -0.13%/yr over the period 1968-1999 for glaciers on 
the north slope of the Karakoram in the Yarkand Basin. 
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Fig. 7.4 Glacier area change rates (%/yr) for different regions in the 
extended HKH. Pre-2000 and post-2000 means are given by the colour 
in the left and right half-circles, respectively, together with the number 

However, recent information about mass changes did not 
show significant differences between the northern and 
southern slopes (Kaab et al. 2015; Brun et al. 2017); there 
are no data available at the present date on area changes after 
2000. 

Trends in glacier area change vary across the extended 
HKH region. Aggregated trends (Fig. 7.4; Table 7.3) are not 
area weighted, and may not agree with individual studies due 
to sampling bias. Over the past six decades, average rates of 
area change have increased in the western and eastern 
Himalaya, and remained constant or decreased in the central 
Himalaya (Fig. 7.4; Table 7.3). Individual studies, in con¬ 
trast, show increased area losses in the central Himalaya 
(Bolch et al. 2008; Bhambri et al. 2011; Thakuri et al. 2014) 
and decreased losses in the upper Indus basin in Ladakh and 
Ravi basin, both in the western Himalaya (Schmidt and 
Nusser 2012; Chand and Sharma 2015). Area loss has led to 


of studies available for each period. Circle diameter is scaled to the 
current glacierized area in each region. A histogram of all observed 
change rates is given in the upper right 

greater supraglacial debris cover in the Himalaya (Bolch et al. 
2008; Schmidt and Nusser 2009; Kamp et al. 2011; Nuimura 
et al. 2012; Thakuri et al. 2014), while debris-covered area 
has remained constant in the Karakoram (Herreid et al. 2015). 
Area loss also leads to glacier fragmentation; the number of 
glaciers in the Himalaya is reported to have increased over the 
past five decades (Bhambri et al. 2011). 

Mass Changes 

Glaciers in the extended HKH show mass loss since at least 
the 1970s (Fig. 7.5). Individual rates of mass change and 
uncertainty estimates for each study and region are given in 
Supplementary Table S7.2. ICESat (Ice, Cloud, and land 
Elevation Satellite) laser altimetry and DEM (Digital Ele¬ 
vation Model) differencing revealed an average mass loss of 
-0.2 m w.e./yr for the first decade of the 21st century 
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Table 7.3 Average glacier mass and area change in the extended HKH for different regions and time periods, with number of studies in 
parentheses. Averages are calculated from all study types (geodetic, glaciological, modelled) (See Supplementary Tables S7.1 and S7.2 for details.) 


Region ID (see Fig. 7.1) 

Region 

Glacier mass balance rate (m w.e./yr) 

Glacier area change rate (%/yr) 



-1970-2000 

- 2000-2010 

-1970-2000 

-2000-2010 

6 

Western Pamir 

- 

-0.26 (2) 

- 


7 

Eastern Pamir 

-0.12 (2) 

-0.02 (10) 

-0.13 (4) 

-0.12 (3) 

8 

Hindu Kush 

- 

-0.30 (5) 

-0.79 (1) 

+0.01 (1) 

9 

Karakoram 

-0.10 (3) 

-0.06 (12) 

-0.11 (5) 

+0.02 (3) 

10 

Western Himalaya 

-0.33 (5) 

-0.50 (11) 

-0.38 (26) 

-0.34 (4) 

11 

Central Himalaya 

-0.39 (10) 

-0.42 (14) 

-0.41 (29) 

-0.37 (5) 

12 

Eastern Himalaya 

-0.17 (1) 

-0.66 (10) 

-0.55 (7) 

-0.81 (3) 

13 

Western Kunlun 

-0.07 (2) 

+0.08(9) 

-0.13 (4) 

- 

14 

Eastern Kunlun 

- 

-0.40 (4) 

- 

- 

15 

Altun Shan 

- 

+0.10 (1) 

- 

- 

16 

Tibetan Interior 

- 

-0.01 (7) 

-0.32 (2) 

- 

17 

Gangdise 

- 

-0.52 (2) 

-0.34 (2) 

- 

18 

N y ainqentanglha 

- 

-0.58 (9) 

-0.44 (5) 

- 

19 

Tanggula Shan 

-0.21 (3) 

-0.29 (4) 

-0.2 (2) 

-0.69 (2) 

20 

Hengduan Shan 

-0.30 (3) 

-0.85 (6) 

-0.46 (5) 

-0.47 (1) 

21 

Eastern Tibetan Mtns. 

- 

-0.64 (3) 

-0.32 (1) 

- 

22 

Qilian Shan 

-0.23 (8) 

-0.40 (6) 

-0.51 (5) 

-0.66 (4) 


Regions 6-22 

-0.26 (41) 

-0.37 (123) 

-0.35 (98) 

-0.42 (25) 


(Kaab et al. 2012; Gardner et al. 2013; Gardelle et al. 2013), 
which is approximately half of the global average (Gardner 
et al. 2013; Marzeion et al. 2014) for this period. However, 
mass changes are not uniform but show contrasting patterns. 
The greatest rates of mass loss in the extended HKH 
post-2000 are found in the eastern Himalaya (-0.6 m w.e./ 
yr) and western Himalaya (-0.6 m w.e./yr). Moderate losses 
are observed in the central Himalaya (-0.4 m w.e./yr), and 
the Hindu Kush (-0.3 m w.e./yr). In contrast, glaciers in the 
Karakoram showed neutral mass balances or even slight 
mass gains after 2000 (Table 7.3). 

Mass balance estimates for the period before 2000 are 
sparse, but the use of declassified satellite imagery for 
pre-2000 DEM generation is leading to increased under¬ 
standing (Bolch et al. 2008; Maurer et al. 2016; Bhat- 
tacharya et al. 2016). Available studies seem to confirm that 
pre-2000 mass balance patterns are similar to post-2000 
patterns (Table 7.3), although mass loss rates have increased 
in the Himalaya and the eastern Tibetan Plateau. The 
inferred stability of Karakoram glaciers, based on stable 
debris-covered areas since the 1970s (Herreid et al. 2015), 
has recently been confirmed by geodetic studies in the region 
(Bolch et al. 2017; Zhou et al. 2017). Recent publications 
have found that this anomaly can not only be expanded to 
include the eastern Pamir and the western Kunlun Shan 
(Holzer et al. 2015; Lin et al. 2017; Neckel et al. 2014; Wu 


and Zhang 2008), but also that the region of mass gain is 
centred at western Kunlun, while the Karakoram and Pamir 
are only partly affected (Kaab et al. 2015; Brun et al. 2017; 
see also Table 7.3, Fig. 7.5, and Sect. 7.3. 3.2). 

Glaciers in the Khumbu region (central Himalaya) 
showed a mass loss of -0.3 m w.e./yr between 1970 and 
2007 (Bolch et al. 2011a), while glaciers in the eastern 
Himalaya lost -0.2 m w.e./yr for a similar period, 1974- 
2006 (Maurer et al. 2016). 

Results from in situ measurements and modelling confirm 
the predominantly negative mass balance during the last five 
decades with a higher mass loss since roughly 1995 (Bolch 
et al. 2012). Debris-covered glaciers (Box 7.3) in the Langtang 
and Khumbu regions of the central Himalaya also lost mass in 
recent years, although at a lower rate than debris-free glaciers 
(Immerzeel et al. 2014; Pellicciotti et al. 2015; Shea et al. 
2015b; Thompson et al. 2016; Vincent et al. 2016). However, 
there is evidence for a period of balanced conditions for 
Lahaul-Spiti. For example, Vincent et al. (2013) concluded 
that Chhota Shigri Glacier was on average in balance within 
the period 1988 to 2002, based on elevation measurements in 
1988 and 2010 and in situ mass balance measurements starting 
2002. Modelling studies of the Chhota Shigri (western 
Himalaya) and Mera (central Himalaya) glaciers also suggest 
a period of balanced conditions between mid-1980 and 
mid/late-1990 (Azam et al. 2014; Shea et al. 2015a). 
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Fig. 7.5 Summary of 164 glaciological, geodetic, and modelling 
estimates of rates of glacier mass change (m w.e./yr) by glacier region. 
The arithmetic average of data from all studies pre- and post-2000 is 
shown by the shading of half circles (pre-2000 left, post-2000 right), 


together with the number of studies available for each period; periods 
without data are coloured in grey. A histogram of all reported regional 
mass change rates is given in the upper right 


Box 7.3 Debris-covered glaciers 

Rapid weathering of high-relief glacial valleys in the 
extended HKH supplies a sizeable amount of rock 
debris onto the glaciers via rock and mixed snow/ice 
avalanches. This debris travels downstream with the 
ice flow, and as the surrounding ice melts away, it 
builds up as a thick layer of surface rock material in 
the lower part of the glacier. The debris layer acts like 
an insulating blanket that protects the ice beneath from 
melting. Yet debris-covered glaciers also contain 
varying concentrations of bare ice cliffs (Fig. 7.6) and 
supraglacial ponds. The role of ice cliffs and ponds in 
the overall melt rate of debris-covered glaciers was 
first examined by Sakai et al. (2000a, 2002) and is an 
active area of research. The termini of debris-covered 


glaciers respond slowly to climate change, the position 
does not change very much and a long tongue of 
slow-flowing debris-covered ice is preserved at the 
lower part of the glacier. Despite significant recent 
progress through remote-sensing/field measurements 
(Immerzeel et al. 2014) and model studies of the 
complex coupled system of debris, ice cliffs, and 
ponds (Miles et al. 2016; Buri et al. 2016; Banerjee 
2017), significant challenges still remain in under¬ 
standing these glaciers: we cannot yet predict the 
long-term changes in the debris cover area or thick¬ 
ness, or the effect of such changes on the future of 
glaciers and their meltwater production at the scale of 
the whole Himalaya. 
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Fig. 7.6 Ice cliff on debris-covered Khumbu Glacier, Nepal Himalaya, November 2016 (photo: J. Shea) 


73.2.2 Pamir 

Area and Length Changes 

Frequent surges and contrasting length changes are not only 
common in the Karakoram but also in central and northeast 
Pamir (Dolgoushin and Osipova 1975; Kotlyakov et al. 
2008; Osipova and Khromova 2010; Holzer et al. 2016; 
Wendt et al. 2017), and a recent surge was also reported in 
eastern Pamir (Shangguan et al. 2016). In contrast to the 
Karakoram, however, existing studies on glacier area and 
length changes suggest a continuous area loss in northeast¬ 
ern and central Pamir. For example, Shchetinnikov (1993) 
reports an area loss of about 0.5%/yr from 1957-60 to 1978- 
80. Published results addressing the glacier area changes 
during recent decades found the least negative rates of gla¬ 
cier retreat (<0.1%/yr) in central Pamir, where the highest 
peaks and the largest glaciers are located, while shrinkage 
rates of >0.25%/yr are observed in north, west, and south 
Pamir (Khromova et al. 2006; Aizen and Aizen 2014; Holzer 
et al. 2016; Zhang et al. 2016). The area change rates in 
eastern Pamir appear to be consistent (-0.13%/yr) for the 
past 30 years. In contrast, the glacier area at Muztag Ata, the 
highest mountain massif in the Pamir, has not changed 


significantly since the 1970s (Holzer et al. 2015). However, 
as yet there has been no detailed peer-reviewed assessment 
of glacier area changes in the whole of the Pamir based on 
consistent datasets and methodologies, and the 
above-mentioned values should be interpreted with care. 

Mass Changes 

Mass change estimates in the Pamir vary depending on the 
region under consideration. Gardelle et al. (2013) report 
slight mass gain (+0.16 zb 0.14 m w.e./yr) for central Pamir 
(2000 to 2010) based on DEM differencing, but Kaab et al. 
(2015) found significant mass loss between 2003 and 2008 
(-0.48 =b 0.14 m w.e./yr) based on ICESat laser altimetry 
data. Recalculated mass loss estimates for the regional def¬ 
initions shown above (Fig. 7.1) based on the data by Kaab 
et al. (2015) show strong mass loss in western Pamir 
(-0.44 zb 0.10 m w.e./yr) and balanced conditions in the 
east (-0.02 zb 0.25 m w.e./yr). Gardner et al. (2013) 
reported mass loss of -0.11 zb 0.19 m w.e./yr, assuming an 
average density of 850 kg m -3 . A recent geodetic estimate 
based on optical stereo data for 2000 to 2016 gave a slightly 
negative mass budget of -0.08 zb 0.06 m w.e./yr in western 
Pamir and a possible positive budget of +0.07 zb 0.10 m 
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w.e./yr in eastern Pamir (Bran et al. 2017). Similar results 
were published by Lin et al. (2017) for 2000-2014 based on 
TerraSAR-X/TanDEM-X and SRTM data (-0.11 ± 0.07 m 
w.e./yr for western and +0.12 d= 0.07 m w.e./yr for eastern 
Pamir). As the above studies investigate different time 
periods, the temporal variability in mass changes will lead to 
varying estimates of rates of mass change. The most detailed 
investigations are available for the Fedchenko glacier, by far 
the largest glacier in Pamir (Lambrecht et al. 2014). The 
glacier experienced only a slight mass loss of 0.07 km 3 w.e./ 
yr (specific mass loss <0.001 m w.e./yr) between 1928 and 
2000, with about 75% of the loss occurring during the sec¬ 
ond half of the 20th century. Differences in mass loss esti¬ 
mates based on the same dataset can be attributed to the 
regional aggregation, the assumptions for SRTM radar beam 
penetration into snow and ice, and the time period analysed. 

In situ measurements and modelling results for the 
Abramov Glacier in Pamir-Alay, north of the Pamir moun¬ 
tains (Fig. 7.1), reveal clear mass loss since the beginning of 
the measurements in the 1960s. Reanalysis of available 
in situ data from 1971-94 found an average mass balance of 
-0.46 zb 0.06 m w.e./yr; modelled mass balances of 
-0.51 ± 0.17 m w.e./yr were obtained for 2000-2011 
(Zemp et al. 2015; Barandun et al. 2015). These results 
contrast with Gardelle et al. (2013) who found no significant 
mass changes for the same glacier based on the geodetic 
method. A geodetic study of Muztag Ata glaciers revealed, 
on average, balanced conditions since 1973 (Holzer et al. 
2015). This agrees with in situ measurements of a small 
glacier in this mountain massif where in situ measurements 
from 2005-2014 showed an average value of +0.10 m w.e./ 
yr (Holzer et al. 2015). 

From the available studies and data, we conclude that 
glaciers in western Pamir experienced a moderate mass loss, 
while glaciers in eastern Pamir were in balance or had only 
slight mass losses for several decades. 

7 . 3.23 Tibetan Plateau 

Area Changes 

Compilations of area changes for over 3,100 glaciers in 
western China since the Little Ice Age maximum (Wang 
1991 ; Liu et al. 2000, 2003; Wang and Ding 2002; Su and Shi 
2002) indicate that glaciers in western China have lost a total 
area of ~ 16,000 km 2 , or ~27%, to the middle of the 20th 
century (1950s through the 1980s) (Liu et al. 2006). Glacial 
shrinkage exhibits a regional pattern, with smaller area 
change rates (-21%) in the inner region of the Tibetan Pla¬ 
teau and higher rates (-47.7%) in the upper Indus river basin 
located in China. Remote sensing analyses for SE Tibet show 


similar rates of area loss (-27%) since the LIA maximum 
(Loibl and Lehmkuhl 2014). A complete loss of glaciers less 
than 0.6 km in length was observed in Bugyai Kangri, in the 
southeast Tanggula Range (Wang and Ding 2002). 

Glacier area changes on the TP have been calculated at a 
range of scales: river basins (Wei et al. 2014; Wang et al. 
2015a), mountain ranges (Bolch et al. 2010b; Sun et al. 

2015) , and mountain sections/parts (Jiang et al. 2013; Tian 
et al. 2014). First maps are based on photogrammetry (Liu 
et al. 2016) and extend through the Landsat data acquired 
after the mid-1970s (Nie et al. 2010; Wang et al. 2012). 
A clear recession of glaciers has been observed since the 
1950s/1970s/1980s in western Hengduan Shan (Liu et al. 

2016) , the A’Nyemaqen Range in the Yellow River source 
area (Wang et al. 2015b; Liu et al. 2002), and the Qilian 
mountains (Sun et al. 2015), with annual shrinkage rates of 
approximately -0.5 %/yr. 

Glaciers in the western Kunlun (north-eastern Tibetan 
Plateau) have been on average relatively stable (Fig. 7.4), an 
eastern continuation of the stable conditions observed in the 
eastern Pamir and Karakoram. A recent study investigating 
the changes of the debris-free parts of the glaciers of entire 
extended HKH region for the period ~ 1976 until 2013 is in 
general in line with previous findings with highest area loss 
in south-eastern and the lowest in the in the north-eastern 
Tibetan Plateau (Ye et al. 2017). The combination of 
advancing and retreating glaciers has resulted in a negligible 
change in glacier area during 1970-2001 and 1990-2011 in 
the latter region. (Shangguan et al. 2007; Li et al. 2013; Bao 
et al. 2015). Four glaciers have been recognized as surging 
during 2003 and 2011 (Yasuda and Furaya 2013). Surging 
glaciers have also been found in the central Kunlun Moun¬ 
tains (Guo et al. 2013) and the Purogangri Ice Cap in central 
Tibet (Neckel et al. 2013). The retreat of small glaciers and 
glaciers with lower median elevations has resulted in the 
complete loss of some of the small glaciers and the disin¬ 
tegration of larger glaciers into two or more smaller glaciers 
(Meiping et al. 2015). 

Glaciers in different mountain ranges show varying 
responses. The available data on glacier area changes in 
western Kunlun (Bao et al. 2015), Mount Geladandong 
(Wang et al. 2013a, b) and Bugyai Kangri in the Tanggula 
range (Liu et al. 2016), Mount Tuanjie in the Qilian 
Mountains (Xu et al. 2013), and Mount Gongga (Pan et al. 
2012) show that the decadal trend in glacier area change 
differs for each mountain range (Fig. 7.2). 

Mass Changes 

Region-wide mass balance estimates are available for the 
period after 2000 from remote sensing methods, mainly 
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based on ICES at laser altimetry data for the period 2003 to 
2009, but also on DEM differencing (Table 7.3, Fig. 7.5). 
While the studies deviate in absolute numbers, they agree on 
general trends. The most negative mass balances are found 
in southeast TP (East Nyainqentanglha), while balanced 
budgets or even positive mass balances are reported for the 
western Kunlun Shan (Li et al. 2011; Zhang et al. 2012; 
Neckel et al. 2014; Bran et al. 2017). Results for glaciers in 
inner or central Tibet slightly deviate: while Neckel et al. 
(2014) report possible slight mass gains for 2003-2009, 
Bran et al. (2017) report slight mass losses for 2000-2016. 

This general pattern is supported by in situ measurements 
(Yao et al. 2012): a strongly negative mass balance (-0.9 m 
w.e./yr for 2006-2014) is reported for Parlung glacier 
No. 94 in Hengduan Shan, and a less negative mass balance 
(-0.6 m w.e./yr, for 2006-2010) for Xiaodongkemadi gla¬ 
cier in Tanggula Shan. A mass balance of -0.5 m w.e./yr 
was observed for Qiyi Glacier in Qilian Shan. 

Observed mass balance data prior to 2000 is available for 
only a few glaciers (Qiyi, Meikuang, Xiaodongkemadi, and 
Kangwure). Observed and simulated mass balance data for 
individual glaciers and regions/sub-regions also show a 
distinctive pattern (Fig. 7.5). Mass balances of glaciers in 
Qilian Shan, eastem/western Kunlun Shan, and Tanggula 
Shan were near zero (or positive) until the early 1990s, and 
then became increasingly negative over time. Glacier mass 
changes in the Hengduan Shan have fluctuated dramatically 
since 1960 and have been increasingly lower than values in 
other regions since 2000. Positive mass balances observed 
from geodetic studies in western Kunlun Shan in 2006-2010 
contradict modelled negative mass balances. There is a 
conflict between the mass balance in western Kunlun Shan 
during 2006-2010 (positive, obtained by DEMs) and the 
area change as shown in Fig. 7.4 (negative, simulated). 
Essentially, the former is more convincing as all geodetic 
studies (using DEMs and/or ICESat data) reveal positive 
balances (Supplementary Table S7.2).In addition, it needs to 
be considered that area changes in the highly continental 
mountain ranges might show a strongly delayed signal due 
to long response times to climate forcing. 

7.3.3 Glacier Projections 

Changes in temperature and precipitation affect seasonal 
snowpacks, equilibrium line altitudes, glacier mass balances, 
and volume at annual timescales, and glacier area and length 
in the long term. Projections of future glacier change typi¬ 
cally combine mass balance models, estimates of future 
temperature and precipitation change, and physically-based 
or empirical snow and ice melt models. The challenges in 
modelling glacier change are substantial, in particular for 
debris-covered glaciers. 


Projections of future glacier change in the region have 
been done at regional scale (Marzeion et al. 2012; Giesen 
and Oerlemans 2013; Radic et al. 2014; Zhao et al. 2014; 
Huss and Hock 2015; Kraaijenbrink et al. 2017), at catch¬ 
ment scale (Shea et al. 2015b; Soncini et al. 2015, 2016), 
and at the scale of individual glaciers (Naito et al. 2000; 
Adhikari and Huybrechts 2009; Rowan et al. 2015). 

Recent projections typically use a number of different 
climate scenarios (e.g., RCP4.5 and RCP8.5) and thus a 
range of volume change estimates and a multi-model mean 
can be used to assess the climate-based uncertainty (Wilt¬ 
shire 2014). Structural uncertainty, or the uncertainty related 
to how simplified models can capture the wide range of 
processes and physics that determine glacier evolution, is 
more difficult to assess. Most modelling studies parametrize 
ice flow either through volume length (or area) scaling or 
through slightly more advanced approaches. However, to 
accurately understand the interaction between glaciers and 
climate, fully coupled ice flow models are required that 
explicitly simulate the ice transport from the accumulation 
areas to the ablation tongues. In the extended HKH, only a 
few studies exist that make a first attempt to do this (Miller 
et al. 2012; Rowan et al. 2015; Shea et al. 2015b). A third 
level of uncertainty is derived from the initial glacier volume 
conditions, which are largely unknown as measurements are 
very scarce and existing estimates deviate significantly (Frey 
et al. 2014). 

Projections of mass balance alone are insufficient for the 
purpose of examining future glacier change. Glaciers 
respond to climate change by reducing (or expanding) their 
area and volume. Glacier-wide mass balances are a function 
of glacier area, and projections that do not account for gla¬ 
cier dynamics will tend towards increasingly negative (and 
unrealistic) values. In response to increased equilibrium line 
altitudes and melt rates and decreased snow accumulation 
totals, mass balances throughout the region are projected to 
be increasingly negative for static geometries (Chaturvedi 
et al. 2014; Kulkami et al. 2016). 

7.3.3.1 Near-Term Glacier Change (2030) 

In the near term, glaciers in the extended HKH are projected 
to see increased volume loss, though some scenarios and 
ensemble members show limited volume change (Figs. 7.7, 
7.8). Regional scale studies show volume losses between -9 
and -32% by 2030 under moderate warming scenarios 
(RCP4.5), and between -8.7 and -26.1% for 
higher-emission scenarios (RCP8.5) (Giesen and Oerlemans 
2013; Marzeion et al. 2012; Radic et al. 2014). While overall 
rates of loss are similar between the emission scenarios, 
climate model variability can lead to greater mass loss for 
the lower emission scenarios in the near term. 

Glacier-specific studies that explicitly incorporate 
debris-cover feedbacks show much more conservative 
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Fig. 7.7 Regional glacier volume change projections for RGI regions 
13 (Central Asia), 14 (South Asia West), and 15 (South Asia East). 
Error bars show mean and range of multiple climate simulations for 
2030, 2050, 2080, and 2100. Solid lines show results from RCP4.5 


scenarios and dashed lines from RCP8.5 scenarios. Sources Marzeion 
et al. (2012), Giesen and Oerlemans (2013), Radic et al. (2014), Zhao 
et al. (2014), Huss and Hock (2015), Kraaijenbrink et al. (2017). See 
Supplementary Table S7.3 for details 
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Fig. 7.8 Volume change projections for basins and glaciers in 
extended HKH. Symbols and error bars show mean and range of 
multiple climate simulations for 2030, 2050, 2080, and 2100. Solid 


lines show RCP4.5 and dashed lines RCP8.5 scenarios, where reported. 
Sources Baltoro and Langtang (Immerzeel et al. 2013), Khumbu 
(Rowan et al. 2015), Dudh Koshi (Shea et al. 2015b) 


reductions in glacier volumes; for example, -2.2% for the 
Khumbu Glacier by 2030 (Rowan et al. 2015). Basin-scale 
studies in the Khumbu valley (Shea et al. 2015b; Soncini 
et al. 2016) show greater rates of near-term volume loss that 
are also in line with regional estimates (Fig. 7.8). 

7.33.2 Medium-Term Glacier Change (2050) 

By mid-century, differences in the climate forcing (e.g., 
RCP4.5 vs RCP8.5) begin to show in the different glacier 
volume projections. Rates of mass loss appear to be higher 
in the eastern Himalaya, although again the spread in pro¬ 
jections highlights the strong uncertainty in climate futures. 
For the RGI region Central Asia which includes the Pamir 
and the Tibetan Plateau, ensemble mean glacier volume 
change ranges between -24.6 and -35.9% for RCP4.5 and 
-25.3 and -38.8% for RCP8.5. RGI region South Asia 
(West), which includes the Karakoram region, could see 
volume reductions between -18.6 and -30.3% (RCP4.5) 
and -19.1 and -35.9% (RCP8.5). Eastern portions of the 
extended HKH could lose between one quarter and one half 
of their current glacier volume by 2050. 

Mid-century projections of glacier change also begin to 
diverge regionally. Volume declines projected for the 
Karakoram region begin to accelerate mid-century (Immer¬ 
zeel et al. 2013; Li et al. 2016), and similar patterns are 
observed for west Kunlun (Kraaijenbrink et al. 2017). Other 
regions show sustained rates of mass loss (Rupper et al. 
2012). This contrast is consistent with observations of recent 
mass loss in most extended HKH regions and anomalous 
mass gains (or steady states) in west Kunlun, Karakoram, and 
eastern Pamir (e.g., Sec 7.3.3). Under future temperature rise, 
the mass gains of these anomalous regions cannot be sus¬ 
tained and volume declines commence as a result (Fig. 7.9). 


7333 Long-Term Glacier Change (2080 
and 2100) 

Projected end-of-century changes in ice volume are pro¬ 
nounced in all regions. A modelling study in the Pamir 
projects a loss of approximately 45% by 2100 (Ohara et al. 

2014) , while the most negative scenarios in the eastern 
Himalaya point towards a near-total loss of glaciers (-63.7 
to -94.7%). Losses of a similar order of magnitude are 
expected in regions with predominantly small, sensitive 
glacier tongues, such as the inner Tibetan Plateau and the 
Qilian Shan. As several studies have noted, these volume 
decreases are large in part because of the distribution of 
glaciers in the region and the lack of large high-elevation 
accumulation plateaus (Shea et al. 2015b). Relative mass 
losses in the Karakoram and West Kunlun Shan (~35% 
under RCP4.5 scenarios) are limited compared to other 
regions in the extended HKH (Kraaijenbrink et al. 2017); 
this is a function of the current and projected mass balance 
rates, the existing ice volumes, and the regional climatic 
differences. Projected absolute ice losses in these regions are 
still large and relevant for sea-level rise, as the existing ice 
volumes in the region comprise a large portion of the total 
ice volume in extended HKH. Even if warming can be 
limited to the ambitious target of +1.5 °C, volume losses of 
more than one-third are projected for extended HKH gla¬ 
ciers, with more than half of glacier ice lost in the eastern 
Himalaya (Kraaijenbrink et al. 2017). 

Equilibrium line altitudes in High Asia are projected to 
increase by up to 800 m by 2100 (8.8 m/yr, Fig. 7.10), 
depending on future emission scenarios (Huss and Hock 

2015) . Similar rates of ELA increase (8-12 m/yr) are pro¬ 
jected for the Everest region under high emission scenarios 
(Shea et al. 2015b). Glacier tongues covered by thick debris 
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Fig. 7.9 Mass change projections and prevalence of debris cover for 
all RGI sub-regions (a-o) that are encompassed by the RGI regions 13 
(Central Asia), 14 (South Asia West), and 15 (South Asia East). Panel p 
shows the projections aggregated over the entire region. Mass loss 
projections are shown for all four RCP scenarios, for a stable 
present-day climate experiment, as well as for a selection of six 

which are insulated from melt, are expected to separate from 
their accumulation areas as the greatest melt rates occur 
immediately above debris-covered zones (Naito et al. 2000; 
Rowan et al. 2015; Shea et al. 2015b; Soncini et al. 2016). 
These changes will result in unsustainable negative mass 
balances, and will lead to the gradual disappearance of lower 
elevation glaciers. 

7.3.4 Recommendations 

The general agreement between our compilations of glacier 
change studies (cf. Figs. 7.4 and 7.5) and the regional mass 
change studies (e.g., Gardner et al. 2013; Gardelle et al. 
2013; Neckel et al. 2014; Kaab et al. 2015; Bran et al. 2017) 
supports the utility of glacier and basin scale area and mass 
change studies. To improve our understanding of glacier 


climate models that have a temperature rise of 1.5 °C at the end of the 
century. The error bands indicate both climate model uncertainty and 
glacier model parameter variability. The bar charts denote the relative 
abundance of debris cover in each sub-region (,Source Kraaijenbrink 
et al. 2017) 
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Fig. 7.10 Changes in equilibrium line altitudes (ELAs) for RGI 
regions in high mountain Asia relative to 2010 for three emission 
scenarios (,Source Huss and Hock 2015) 
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change in the region and reduce uncertainty in future pro¬ 
jections, we recommend the following: 

• Develop estimates of glacier mass change prior to 2000, 
which are currently missing in many regions, using 
declassified stereo imagery 

• Collect field-based measurements of glacier thickness 
and debris thickness (e.g. by ground-penetrating radar 
(GPR)) in representative glacier regions to evaluate gla¬ 
cier volume estimates and debris cover characteristics 

• Develop and test physically based and empirical models 
of debris-covered glacier melt components that include 
heat conduction through debris, ice cliff backwasting, 
and supraglacial ponds, and scale up to larger glacierized 
regions 

• Develop fully coupled ice flow models taking debris 
sources, transport and deposition into account 

• Model intercomparison projects to assess different sour¬ 
ces of uncertainty: initial conditions, forcing data, and 
model structures. 


7.4 Glacial Lakes 

Glacial lakes are lakes that are fed by glacier meltwater. This 
can include lakes on top of glaciers (supra-glacial), lakes in 
front of glaciers (pro-glacial), and glacier-fed lakes that are 
disconnected from glaciers but close to glacier termini. In 
contrast, non-glacier-fed lakes have no glacier in their 
watershed and are fed only from precipitation and snow 
meltwater. 

Supra-glacial lakes are often ephemeral and drain when 
they connect to the englacial drainage system (‘perched 
lakes’ after Benn et al. 2001). However, if there is no 
developed englacial drainage system or the lakes reach the 
glacier bed, supra-glacial lakes can grow and coalesce; when 
these water bodies collect behind the terminal moraine they 
form pro-glacial lakes (‘base-level lakes’ after Benn et al. 
2001). Such glacial lakes usually form and grow concomi¬ 
tant with glacier recession, but ice-dammed lakes can also 
form when a surging glacier blocks a river valley (Hewitt 
and Liu 2010). Pro-glacial lakes pose a serious risk when the 
moraine (or glacier) dam fails and the water drains catas¬ 
trophically as a glacial lake outburst flood or GLOF. Such 
events can have significant and long-lasting human and 
physical impacts (Richardson and Reynolds 2000; Hewitt 
and Liu 2010). With degrading high-mountain permafrost 
(see Sect. 7.5) there is also an increasing probability of rock 
ice/avalanches from steep slopes reaching glacial lakes and 
triggering GLOF events (Haeberli et al. 2016). In this section 
we present the current state of knowledge on the occurrence 
of glacial lakes and their past and projected changes. 


7.4.1 Occurrence 

An inventory of glacier-fed lakes that was manually mapped 
based on Landsat satellite imagery found 4,260 lakes (with 
an area >0.003 km 2 ) covering a total area of 557 km 2 in 
2010 (Zhang et al. 2015a, b, Fig. 7.11). However, a recent 
inventory for the same region based on Landsat 8 OLI data 
from 2014 revealed more than 8200 glacial lakes and an 
overall lake area of more than 830 km 2 (Chen et al. 2017). 
Differences may be explained by the different data sets and 
investigated periods, different methods, but also the diffi¬ 
culty to identify turbid and ice covered lakes and lakes in 
shadow. However the existing studies agree that the majority 
of glacial lakes are distributed in the extended HKH. Lakes 
in the TP are on average larger and are mainly located in the 
interior TP (Zhang et al. 2013). 

7.4.2 Observed Change 

Change analysis of glacier-fed lakes in the extended HKH 
region using Landsat TM/ETM + satellite data for three 
periods (1990, 2000, and 2010) showed a clear increase both 
in number (3,350 to 3,641 to 4,260) and area (440.2 to 467.6 to 
556.9 km 2 (Zhang et al. 2015a, b). This study showed further 
that (1) small lakes (<0.2 km 2 ) are more sensitive to climate 
change; (2) lakes closer to glaciers and at higher elevations, 
particularly those connected to glacier termini, have under¬ 
gone greater changes in area; and (3) glacier-fed lakes are 
dominant in both number and area (>70%) and exhibit faster 
expansion trends compared to non-glacier-fed lakes. Similar 
results were observed by Ashraf et al. (2017), for the western 
Himalaya/Karakoram/Hindu Kush region. The total increase 
in glacier-fed lake area for the entire extended HKH was 
greatest in the central and eastern Himalaya, and only one 
region (Nyainqentanghla) exhibited a decrease in glacier-fed 
lake area (Zhang et al. 2015a, b; Table 7.4). 

A study conducted by ICIMOD in 2011 identified 1466 
‘glacial lakes’ in Nepal, it included supraglacial and 
moraine-dammed lakes only (ICIMOD 2011). In contrast, 
for the same region Ives et al. (2010) found 2323 glacial 
lakes in 2001, which suggests a decrease in the number of 
glacial lakes. A closer reading suggests that the 2001 
inventory number is based in part on survey data from the 
1950s and 1960s. Differences in datasets and methodology 
for glacial lake identification are problematic when evalu¬ 
ating changes in glacial lake area and number. Several 
studies with consistent datasets and methods have subse¬ 
quently found increasing glacial lake areas and numbers in 
most regions of the extended HKH (Gardelle et al. 2011; 
Mergili et al. 2013). 

More critically, a subset of glacial lakes have been 
identified as critical or potentially dangerous based on 
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Fig. 7.11 Distribution and total area (centroid size) of ice-contact and 
glacier-fed lakes in the extended HKH, and percentage change in total 
lake area between 1990 and 2010 (centroid colour) (data source Zhang 

criteria that include rapid lake expansion or height change, 
moraine dam condition, glacier condition, and potential for 
mass movements into the lake (ICIMOD 2011; Rounce et al. 
2016; Ives et al. 2010; Fujita et al. 2013). In Nepal, 21 
glacial lakes present a potentially dangerous risk (ICIMOD 
2011). The upper Indus basin, which includes parts of the 
Hindu Kush, Karakoram, and western Himalaya 
sub-regions, contains 2420 glacier lakes, of which 52 are 
potentially dangerous (Ashraf et al. 2012). These inventories 
present an important database of glacial lakes and provide a 
basis for long-term monitoring and evaluation of potential 
outburst flood disasters caused by glacial lakes (Fujita et al. 
2008, 2009). 

The number of glacial lakes identified as ‘potentially 
dangerous’ has increased (Richardson and Reynolds 2000; 
Bolch et al. 2008; Ives et al. 2010; Liu et al. 2013), but it is 
unclear if the frequency of GLOF events is on the rise. 


et al. 2015a, b). Only one region has experienced a decline in glacier 
lake area (blue, Nyainqentanghla region) 


Historical records indicate that 33 GLOF events occurred in 
the Himalaya before 2000 (Richardson and Reynolds 2000). 
The most severe disaster, the 1981 Cirenmaco GLOF, 
destroyed the China-Nepal Friendship Bridge and killed 200 
people (Wang et al. 2015). The inventory of glacial lakes 
from Zhang et al. (2015a, b) serves as a basis for further 
analyses of priority lake and hazard assessments. 

7.4.3 Projections 

To our knowledge, few quantitative studies of glacial lake 
development exist. However, using simplified 
physically-based models, the locations of overdeepening and 
potential future lakes can potentially be predicted (e.g., 
Linsbauer et al. 2016), and it is generally expected that 
existing lakes will further grow and new lakes will develop 
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Table 7.4 Number and area of glacier-fed lakes in 1990, 2000, and 2010 (Zhang et al. 2015a, b) 


Region ID 

Region name 

1990 

2000 

2010 

(see Fig. 7.1) 


Number 

Area (km 2 ) 

Number 

Area (km 2 ) 

Number 

Area (km 2 ) 

6 

Western Pamir 

220 

26.4 

244 

29.0 

265 

32.8 

7 

Eastern Pamir 

21 

3.7 

26 

4.1 

28 

4.4 

8 

Eastern Hindu Kush 

333 

32.8 

384 

38.6 

393 

39.8 

9 

Karakoram 

40 

5.7 

55 

5.8 

77 

9.6 

10 

Western Himalaya 

301 

27.6 

379 

35.1 

400 

38.8 

11 

Central Himalaya 

644 

84.8 

694 

100.6 

796 

119.4 

12 

Eastern Himalaya 

579 

92.4 

606 

91.9 

728 

115.9 

13 

Western Kunlun Shan 

53 

11.6 

47 

11.4 

71 

17.6 

14 

Eastern Kunlun Shan 

15 

0.9 

22 

0.9 

38 

2.8 

15 

Altun Shan 

2 

0.03 

7 

0.08 

8 

0.16 

16 

Tibetan Interior Mountains 

72 

14.7 

89 

11.8 

107 

18.9 

17 

Gangdise Mountains 

308 

19.7 

394 

24.7 

428 

28.9 

18 

Nyainqentanglha 

511 

93.4 

424 

79.3 

544 

90.2 

19 

Tanggula Shan 

57 

9.5 

50 

9.4 

78 

11.7 

20 

Hengduan Shan 

152 

17.0 

163 

16.7 

242 

24.2 

21 

Eastern Tibetan Mountains 

26 

5.4 

30 

5.8 

30 

5.8 

22 

Qilian Shan 

21 

0.12 

31 

4.0 

32 

4.6 


with ongoing glacier shrinkage. Conceptual studies show 
that glacial lakes will likely form where flat, crevasse-free 
surfaces indicate compressing flow through bed overdeep- 
enings, followed by steeper and crevassed surfaces which 
indicate extending flow over bedrock riegels (e.g., Quincey 
et al. 2007; Frey et al. 2010; Maanya et al. 2016). These 
overdeepenings will be filled with water if not filled with 
sediment. As demonstrated by Rounce et al. (2016), the 
formation or growth of glacial lakes must be assessed along 
with changes in other objective hazards (moraine stability, 
mass movement exposure) for a full evaluation of glacier 
lake hazards. It should be noted that numerous new lakes 
will form with continued deglaciation (Sect. 7.3.4), and 
hazardous lake risk assessment should evolve continually. In 
combination with the glacier shrinkage and lake formation or 
expansion, permafrost degradation on oversteepened rock 
slopes will increase the probability of impact waves and 
far-reaching flood waves from large rock/ice avalanches 
(Haeberli et al. 2016; Bolch et al. 2010b). 

7.4.4 Recommendations 

Further development of hazardous lake risk assessments 
should incorporate projected changes in lake volume, glacier 
extent, extreme climatic events, and stability-related hazards, 
such as permafrost degradation. Repeat detailed UAV sur¬ 
veys of moraine-dammed glacier lakes will enable identifi¬ 
cation of small-scale changes to dam integrity. 


7.5 Permafrost 

Permafrost, like glaciers and snow cover, not only occurs at 
high latitudes but also in cold, high-elevation environments 
at lower latitudes (Haeberli et al. 2010). It is commonly 
defined as soil or rock remaining below 0 °C for more than 
two consecutive years. Besides this thermal definition, per¬ 
mafrost is often understood as a ground material: soil or rock 
that is frozen (i.e., contains ice) for a long time. The ice in 
the subsurface can exist in pores of rock or soil, as well as in 
discrete layers. When this ice melts, in response to human 
disturbance or environmental change, ground characteristics 
such as mechanical strength and hydraulic permeability 
undergo drastic changes as well. With seasonal changes, a 
surficial layer of ground undergoes freezing and thawing. In 
permafrost conditions, the portion of the ground that thaws 
during summer is termed the active layer. Because the per¬ 
mafrost is located beneath this layer, it is not visible at the 
terrain surface and its distribution and changes cannot 
readily be observed based on remote sensing products. For 
this reason, the understanding of glaciers and snow and their 
changes is much better developed in many regions than the 
understanding of permafrost. In this section, we provide 
background information about the permafrost research and 
distribution in the extended HKH, followed by a summary of 
the current knowledge about past changes in ground tem¬ 
perature and active layer thickness in permafrost-dominated 
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areas. The last section outlines the limited knowledge about 
future trends related to permafrost. 

Within the extended HKH, permafrost research has been 
limited mainly to the Tibetan Plateau (TP). It is mostly 
focused on an engineering corridor where the construction 
and maintenance of roads, railways, and other linear 
infrastructure requires detailed understanding and charac¬ 
terization of the permafrost environment. Some permafrost 
research was also conducted in the Tajik Pamir during the 
Soviet time (Gorbunov 1990). 

Permafrost research on the TP started in the early 1960s 
(Wu and Zhang 2008; Zhang et al. 2008a, b). After the 
mid-1970s, large-scale and systematic permafrost investi¬ 
gations were widely conducted along the Qinghai-Tibetan 
Highway (Cheng and Wang 1983) and over the past two 
decades, numerous institutions and individual investigators 
have established extensive monitoring networks (Wu and 
Zhang 2008; Zhao et al. 2010; Wu et al. 2012). Monitoring 
of the active layer and permafrost temperatures provides data 
and information for climate change studies and for infras¬ 
tructure operations and maintenance. Studies investigate 
how changes in the active layer and permafrost impact 
hydrological processes, the carbon cycle, vegetation and 
ecosystems, geomorphological processes (such as the 
expansion of thermokarst, thaw lakes, or thaw slumps), and 
engineered infrastructures on the TP and in surrounding 
regions. 

Outside China, there has been no systematic collection of 
permafrost data in the extended HKH region to date, and 
even within the TP, there has been no systematic collection 
in many remote mountain areas. Existing research has lar¬ 
gely focused on local regions, such as the TP (Fort and van 
Vliet-Lanoe 2007; Jakob 1992; Barsch and Jakob 1998; 
Owen and England 1998; Regmi 2008; Hewitt 2014), 
western Himalaya (Fort 2003), Bhutan (Iwata et al. 2003), 
Pamir-Alai (Gorbunov and Titkov 1989), or systematic 
remote mapping of rock glaciers (Schmid et al. 2015). 
Further, only a few observations have been made of ground 
ice (Rastogi and Narayan 1999; Gruber et al. 2017) or 
ground temperature (Shiraiwa 1992; Klimes and Dolezal 
2010) exist. 

Knowledge about the distribution and characteristics of 
permafrost, however, is important in the extended HKH. 
This assessment provides an overview of relevant permafrost 
research in and beyond the extended HKH and infers rele¬ 
vant processes and impacts. 

7.5.1 Occurrence 

Due to its subterranean nature, the spatial extent of per¬ 
mafrost cannot be quantified using visual observations. 
Expert estimation (Gorbunov 1978) or computer models for 


generating permafrost maps are thus required to visualize 
where permafrost is expected to exist (Gruber 2012). 
Remote sensing data and products (e.g., land surface tem¬ 
perature) and cryogenic landforms (e.g., rock glaciers) can 
provide additional information about permafrost occurrence 
(Westermann et al. 2014; Schmid et al. 2015). 

The occurrence of permafrost is strongly driven by sur¬ 
face climatology. Often, a mean annual air temperature 
(MAAT) below -1 °C is used as a first-order identification 
of areas with some proportion of permafrost. Shaded loca¬ 
tions may have permafrost at this temperature, whereas 
sun-exposed slopes will only have permafrost at a much 
lower MAAT. Naturally, MAAT decreases with increasing 
elevation. Aridity also influences the occurrence of per¬ 
mafrost. Thick winter snow cover insulates the ground from 
a cool atmosphere leading to higher ground temperatures 
than at similar locations with less snow. Thus little snow 
cover implies favourable conditions for permafrost. Fur¬ 
thermore, arid areas can have debris slopes with permafrost 
at MAATs where glaciers would exist in areas with more 
precipitation. As a consequence, the abundance of per¬ 
mafrost beneath debris and soil increases with aridity. Steep 
rock slopes shed snow and are less affected by snow and 
glacier cover. Accordingly, permafrost occurs similarly in 
steep bedrock in both arid and humid regions. As a general 
rule, the relative proportion of permafrost and glaciers 
changes with aridity, with dry landscapes usually having 
more permafrost than glaciers and humid landscapes having 
more glaciers. In the extended HKH, these general patterns 
are overprinted with regional differences caused by differing 
seasonality and trends in temperature and precipitation; 
detailed maps are so far only available for parts of the TP 
(Ran et al. 2012). 

For the Pamir, permafrost has been described down to 
3,800 masl in alpine meadows, as well as lacustrine and 
fluvial sediments, while many dry slopes remain largely free 
of permafrost to above 4,300 masl (Gorbunov 1990). 
A number of maps exist for the TP, (Ran et al. 2012); while 
a recent map (Gruber 2012) indicates large areas of per¬ 
mafrost for the remainder of the extended HKH. This map is 
based on gridded climate data and established rules for 
estimating zones of permafrost occurrence based on MAAT. 
It has an approximate resolution of 1 km and contains some 
estimates of uncertainty. 

A recent review for the whole extended HKH (Gruber 
et al. 2017) estimates the permafrost area to exceed that of 
glaciers in nearly all countries (Fig. 7.12). The total area of 
permafrost estimated across the region is 1,000,000 
(500,000-1,500,000) km 2 , compared to roughly 90,000 km 2 
covered by glaciers; without the large contribution of the 
Tibetan and Pamir plateaus located within China, the 
expected permafrost area is 95,000 (30,000-180,000) km 2 , 
and that of glaciers about 55,000 km 2 . 



7 Status and Change of the Cryosphere ... 


237 



Permafrost Zonation Index 

Only very favourable conditions 


Virtually all conditions 
RGI glaciers 
GTN-P 


Fig. 7.12 Modelled permafrost zonation and borehole sites in the Index (PZI) is based on Gruber (2012), glacier outlines are from the 
extended HKH. Boreholes listed in the GTN-P database (GTN-P 2016) Randolph Glacier Inventory (Pfeifer et al. 2014) 
are shown, but there are many more in China. The Permafrost Zonation 


7.5.2 Observed Change 

Observed permafrost changes have been reported for a 
limited number of locations, with systematic observations 
only available for locations on the TP and in the Tien Shan. 
Changes reported from the TP are good exemplars, as they 
mirror many cold landscapes in the extended HKH in terms 
of latitude, aridity, and elevation. At the same time, many 
regions in the extended HKH have environmental conditions 
(especially precipitation amounts and terrain steepness) that 
differ strongly from the sites for which observational data 
exists. 

As a general trend, most permafrost in the extended HKH 
is likely to have undergone warming and thaw during the 
past decades Zhao et al. (2010). With global climate change, 
this is dictated by physical processes connecting the 


subsurface and the warming atmosphere. Consistent obser¬ 
vations of permafrost warming and thaw in other permafrost 
regions worldwide corroborate this (Romanovsky et al. 
2010). Finally, subsurface temperatures and the occurrence 
of permafrost are driven by the same energy and mass bal¬ 
ance at the ground surface as glaciers. The loss of glacier ice, 
which is now documented relatively well throughout the 
extended HKH (Sect. 7.3; Brun et al. 2017; Bolch et al. 
2012), can thus be regarded as a rough proxy indicating 
subsurface warming and thaw. However, it should be noted 
that glacier mass and permafrost changes cannot be directly 
related as, for example, timing and amount of snow cover 
can affect glaciers and ground temperatures via differing 
processes. 

Active-layer thickness has been monitored on the TP 
since the early 1990s. The primary goal of these 
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measurements is to support engineering infrastructure and 
operations. Observations show that active layer thickness 
increased during the period from 1995-2007 (Wu et al. 
2010) to 2006-2010 (Wu et al. 2012). Often, the active layer 
thickness increased more for sites close to roads than for 
those farther away. The majority of permafrost boreholes on 
the TP have temperatures between 0 and -2 °C. Borehole 
temperatures along the Qinqhai-Tibetan Highway and rail¬ 
way also show an increasing trend (Wu and Zhang 2008; 
Zhao et al. 2010), although with locally differing magni¬ 
tudes. In the Tien Shan, systematic measurements of per¬ 
mafrost temperature and active-layer thickness started in the 
1970s. Marchenko et al. (2007) report an increase of bore¬ 
hole temperature of 0.3-0.6 °C and an increase in 
active-layer thickness by more than 20% at the observed 
sites compared to the 1970s. 

Overall, permafrost temperatures have increased more for 
cold permafrost and less or non-significantly when relatively 
close to the freezing point. This is because the majority of 
energy input into permafrost from the surface will be con¬ 
sumed for phase change when close to 0 °C. The observed 
thickening of the active layer and increase of permafrost 
temperatures on the TP corroborates the notion of wide¬ 
spread permafrost degradation in the extended HKH. 

Mountain slopes with thawing permafrost are expected to 
undergo destabilization with continued warming and thaw 
(e.g., Huggel et al. 2013; Krautblatter et al. 2013). This will 
likely cause increased probability of rock falls, landslides, or 
debris flows, as well as lead to unforeseen events from 
locations that have previously shown little mass-movement 
activity. These mechanisms have been shown elsewhere 
(Deline et al. 2015) and are expected to be equally relevant 
in the extended HKH region (Fort 2015; Gruber et al. 2017). 
Slope failures can impact infrastructure and settlements both 
directly and indirectly, for example when impacting glacial 
lakes, which are often located below or in proximity to steep 
slopes (Haeberli et al. 2016). Furthermore, permafrost thaw 
can lead to ground movement via thaw settlement, and 
changed geotechnical characteristics via ground-ice melt. 
This is important because it can lead to problems with 
infrastructure built in permafrost environments, which 
requires special attention during planning, construction, and 
maintenance (Dore et al. 2016; Bommer et al. 2010). 

7.5.3 Projections 

Projected climate change in the extended HKH differs 
among regions, along with differing regional climate and 
circulation regimes (see Chap. 3). Furthermore, the strong 
vertical climate gradients observed today are likely to cause 
climate change to vary with elevation. Given how little we 
know about the distribution and characteristics of mountain 


permafrost outside the TP, few detailed projections of 
change are available. On the TP, a reduction in permafrost 
area by 9-14% in 2050 and by 13-46% in 2100 has been 
derived from model scenarios (Nan et al. 2005). A more 
recent projection suggests even greater future reductions in 
near-surface permafrost -39% by 2050 and 81% by 2100— 
accompanied by a marked increase in active layer thickness 
(Guo et al. 2012). While possible issues with model structure 
(cf. Bum and Nelson 2006; Delisle 2007) and resolution (cf. 
Fiddes et al. 2015) may affect the numbers presented, the 
trend to widespread and strong permafrost thaw is virtually 
certain to be robust. It is thus to be expected that strong 
atmospheric warming will result in active layer deepening 
and at least partial permafrost thaw in nearly the entire 
permafrost area of the extended HKH (cf. Gmber et al. 
2017). 

7.5.4 Recommendations 

Increased permafrost monitoring and research in the moun¬ 
tainous parts of extended HKH is required in order to better 
understand possible impacts, to provide evidence of per¬ 
mafrost change, to enable the evaluation of numerical 
models, and to support the development of adaptation 
measures. Monitoring and research activities can be based 
on, and should integrate well with, ongoing efforts 
internationally. 


7.6 River and Lake Ice 

Information on lake and river ice has been identified as a 
suitable proxy for mean air temperatures and their variabil¬ 
ity. Measures of river and lake ice change include ice cover 
duration, as well as freeze-up and break-up dates. In line 
with the general temperature increase, several studies show 
that the average duration of lake ice occurrence has signifi¬ 
cantly decreased in the northern hemisphere during the last 
decades (Magnuson et al. 2000; Che et al. 2011; Dibike et al. 
2011). Lake surface temperatures have also increased in the 
region (O’Reilly et al. 2015). 

7.6.1 Occurrence 

There are many large lakes on the Tibetan and the Pamir 
Plateaus which freeze in winter. The largest lakes are Selin 
Co, Nam Co, and Karakul Lake. However, investigations 
using moderate resolution remote sensing imagery (MODIS; 
spatial resolution of 500 m) for the period 2000-2010 
revealed that several of the lakes in Tibet do not freeze up 
completely (Kropacek et al. 2013). There are no lakes of 
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similar sizes in the extended HKH, and although some studies 
mention the existence of lake ice (e.g. Sakai et al. 2000b), to 
our knowledge there are no studies addressing lake freezing 
and thawing in the extended HKH regions outside TP. 

7.6.2 Observed Change and Projections 

The freeze-up date and thawing dates of all larger lakes on 
the TP were observed over the period 2000-2010 
(Fig. 7.13). They were highly heterogeneous and no clear 
trend could be determined in the ice cover duration during 
this period, even when lakes were clustered into groups with 
similar characteristics (both climatically and lake character¬ 
istics) (Kropacek et al. 2013). Passive microwave data for 
the period 1978-2013 showed a decrease in the length of ice 
coverage of Nam Co lake, one of the largest lakes in Tibet, 
by ~20 days, with freezing onset ~9 days later and 
thawing date ~9 days earlier (Ke et al. 2013). Similar 
trends were also found for Qinghai lake (Che et al. 2009). 

Very few studies address changes in river ice such as 
changes in freeze and break-up dates and maximum ice 
thickness. This is probably partly due to the fact that it is 
difficult to make comparable measurements in mountain 
rivers due to water turbulence and changing river beds. No 
projections exist, to our knowledge. Studies of the Yellow 
River indicate later freeze-up dates and earlier break-up 
dates in the 1990s compared to the average for 1950-1990s 
(Xiao et al. 2007; Jiang et al. 2008). River-ice duration along 
the Ningxia-Inner Mongolia reach in the upper Yellow River 


was reduced by about seven days between 1954 and 2013 
(Si et al. 2015). 

7.6.3 Recommendations 

Baseline inventories of lake freeze-up, ice cover duration, 
and break-up should be compiled for lakes and the large 
rivers in the extended HKH region using remote sensing 
products and techniques. In addition, few in-site measure¬ 
ment sites should be established. 


7.7 Cryosphere and Water Resources 

The mountains of the extended HKH are a source of water 
for more than a billion people. Climatic change in the source 
areas of Asia’s main rivers will affect snow, glaciers, and 
permafrost and may potentially have a large societal impact 
(Immerzeel et al. 2012; Bolch 2017). The cryosphere is a 
key component of the hydrological cycle (Mark et al. 2015), 
yet the hydrology is only marginally resolved due to the 
intricacy of monsoon dynamics (Turner and Annamalai 
2012), the poorly quantified dependence on the cryosphere 
(Immerzeel et al. 2010), and the physical constraints of 
doing research in high-elevation and generally inaccessible 
terrain. 

Within the extended HKH, the Indus basin has the largest 
human dependence on snow and ice melt (Kaser et al. 2010). 
However, there are very large inter-basin differences in snow 


Fig. 7.13 Ice cover duration of 
the studied lakes on the TP 
showing duration of ice cover 
represented by the total height of 
each bar, and duration of 
freeze-up period, complete ice 
cover, and break-up period by the 
heights of the respective coloured 
sections Source Kropacek et al. 
(2013) 
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and ice contributions to streamflow (Immerzeel et al. 2010; 
Schaner et al. 2012; Farhan et al. 2014; Zhang et al. 2015a, 
b). A number of methods have been used in the extended 
HKH to quantify glacier contributions to streamflow (La 
Frenierre and Mark 2014). These include direct discharge 
measurements (Thayyen and Gergan 2010), hydrological 
modelling (Singh and Jain 2002; Nepal et al. 2013; Lutz 
et al. 2014; Ragettli et al. 2015), glaciological balance 
(Zhang et al. 2008a, b), and isotopic analyses (Racoviteanu 
et al. 2013; Wilson et al. 2015; Box 7.4). 

However, quantitative comparisons between studies and 
basins are complicated by the fact that the definition of 
‘glacier contribution to streamflow’ is inconsistent (O’Neel 
et al. 2014), with a key inconsistency being the way in which 
rain and snowmelt on top of a glacier surface is dealt with. In 
most cases glacier runoff is considered as the runoff from the 
total glacierized area, and includes all runoff leaving at the 
glacier terminus. This includes rain, and snow and ice melt. 
However, in the strict sense, only the ice which melts should 
be counted as glacier run-off, as rain and snowmelt would 
also runoff without the presence of a glacier (Radic and 
Hock 2014). 

There is also an additional spatial dependence with 
regards to cryosphere contribution to streamflow: the relative 
importance of glacier and snowmelt runoff decreases with 
distance from the glaciers and snow reserves in the basin 
(Lutz et al. 2014; Kaser et al. 2010). 

Box 7.4 Determining streamflow contributions 

Despite recent studies on the hydrology of the Hima¬ 
laya (Immerzeel et al. 2009, 2010; Kaser et al. 2010; 
Thayyen and Gergan 2010; Lutz et al. 2014), we still 
lack a consensus on the role of snow and ice in the 
hydrologic regime of Himalayan catchment basins. 
Our current understanding of the contribution from 
different sources is based primarily on modelling. 
However, hydrological models come in a wide range 
of complexities. When hydrological models are cali¬ 
brated against total basin discharge, the wide range of 
processes and assumptions leads to a fundamental 
problem in hydrology: equifinality means it is possible 
to get the right answer for the wrong reasons (Beven 
2006). 

Direct measurements of hydrochemistry (including 
stable water isotope tracers such as 5 18 0, the ration 
between 18 0 and 16 0, and impurities) have the 
potential to identify different sources of streamflow 
(snow or ice melt, rainfall, groundwater). At present, 
such isotope studies are scarce in the extended HKH, 
due to the difficulty of regularly acquiring water 
samples in remote terrain. 


Previous extended HKH isotopic studies have 
identified moisture sources and atmospheric circula¬ 
tion patterns in Ladakh (Mayewski et al. 1983), Cen¬ 
tral Asia, and the Tibetan Plateau (Aizen et al. 1996; 
Garzione et al. 2000; Pande et al. 2000; Kang et al. 
2002; Niu et al. 2016). In the western Himalaya (upper 
Indus basin), stable water isotope measurements were 
used together with historical hydrological records for 
river discharge to assess water balance in the basin 
(Karim and Veizer 2002). Only small watershed-scale 
studies have been conducted.on the southern slopes of 
the Himalaya, (Zhang et al. 2001; Racoviteanu et al. 
2013; Wilson et al. 2015; Williams et al. 2016). 

Differences in the hydrochemistry of melt from 
debris-free and debris-covered glaciers (Garzione et al. 
2000; Williams et al. 2016) may also lead to improved 
estimates of melt contributions from debris-covered 
glaciers. Field campaigns for water isotope studies that 
are currently emerging in different regions of the 
extended HKH (Williams et al. 2013; Jeelani et al. 
2016; Rai et al. 2016) will provide new opportunities 
for a full understanding of water source contributions 
to river discharge and regional climate in this area 
(Fig. 7.14). 


7.7.1 Observations 

As detailed snow information is lacking and difficult to 
obtain (Miller et al. 2012), the main focus in the extended 
HKH has historically been glacier change and its long-term 
impact on catchment hydrology (Singh and Bengtsson 2005; 
Yao et al. 2007; Akhtar et al. 2008; Kehrwald et al. 2008; Xu 
et al. 2009). However, recent modelling studies have shifted 
to include a focus on snow (Lutz et al. 2014; Tahir et al. 
2016; Wulf et al. 2016), as it is an important component of 
the annual water budget (Archer 2003; Stewart 2009; 
Bookhagen and Burbank 2010) and will be affected by cli¬ 
mate change in the near term. The role of permafrost in 
mountain hydrology, particularly in the extended HKH, is 
largely unknown. 

Sufficiently long time series are required to identify 
changes and trends in cryospheric and hydrological compo¬ 
nents, but these are rarely available for river discharge. 
Interannual variability in both meteorological conditions and 
total catchment or basin discharge is also possibly greater than 
any climate change signal (Forsythe et al. 2014). While there 
is confidence in field-based or remotely-sensed observations 
of cryospheric change, discharge measurements in remote 
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Fig. 7.14 Glacier meltwater from Langshisha Glacier in Langtang valley, Nepal {Photo J. Shea) 


mountain areas are also prone to measurement errors. These 
uncertainties pertain to sensor type (e.g., reading gauge, radar, 
pressure transducer), river type, and the availability of an 
accurate rating curve under representative flow conditions (di 
Baldassarre and Montanari 2009). To our knowledge, no 
systematic evaluation of discharge rating curves has yet been 
conducted, which leads to significant uncertainty in runoff 
observations and any trend analyses. 

Increased temperatures have resulted in earlier snowmelt 
and a shift towards greater flow fractions in winter on the 
Tibetan Plateau (Ye et al. 2005). Increases in spring tem¬ 
peratures and spring discharge volumes have been observed 
at lower elevation stations in the Indus (Khattak et al. 2011; 
Sharif et al. 2013), although some stations show no signif¬ 
icant trends. Decreased flows have been observed in snow¬ 
melt dominated basins in Nepal (Shrestha and Aryal 2011). 

Increased discharge and a correlation with increased 
summer temperature has been observed in glacierized basins 
in the Pamir (Chevallier et al. 2014) and on the Tibetan 
Plateau (Yao et al. 2007; Zhang et al. 2007; Liu et al. 2010). 
Discharge has decreased in the heavily glacierized Hunza 
and Shyok catchments of the Karakoram (Fowler and Archer 
2006; Khattak et al. 2011; Sharif et al. 2013), where tem¬ 
peratures have also decreased and glacier mass balances 
have been neutral or slightly positive since the 1970s. The 
limit and timing of glacier meltwater increases, known as 
‘peak water’ (Baraer et al. 2012), has not been explored in 
detail in the extended HKH. 


Given the multiple factors influencing streamflow, it is not 
possible to provide conclusive regional evidence of either 
declining or increasing streamflow trends. Trends change in 
space and time within a basin. For example, analysis of 
summer streamflows in the upper Indus basin shows periods 
of both decline and increase in runoff for the same stations for 
different decades, and also contradicting trends for the same 
decade but for different stations (Reggiani et al. 2017). These 
observations are explained by the conspiring effects of sea¬ 
sonal temperature and precipitation changes and variable 
dependence of runoff on glacier and snow resources. 

7.7.2 Projections of Cryospheric 
and Hydrological Change 

In general, overall annual flows are not projected to change 
significantly with climate change (Lutz et al. 2014), espe¬ 
cially in major rivers where monsoon rainfall largely deter¬ 
mines total runoff. Shifts in the timing and magnitude of 
streamflows in mountain rivers, however, will become 
apparent as climatic and cryospheric changes progress. 
Basin-scale projections of glacier and hydrological change 
(e.g., Zhang et al. 2015a, b) also illustrate that variability in 
projected climate fields can mask changes in glacier contri¬ 
butions to streamflow. 

Projected changes in overall runoff are the compound 
effect of different processes, and few studies have attempted 
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to isolate and quantify these effects. Conceptually, an 
increase in temperature will result in a range of hydrological 
impacts (Box 7.5): 

• More precipitation will fall in the form of rain instead of 
snow. This will (a) cause the snow line to migrate 
upwards and result in less seasonal snow storage and a 
reduction in glacier accumulation, and (b) result in 
increased rainfall runoff during snowfall seasons. In 
general, this will reduce the buffering capacity of a 
catchment and lead to a higher susceptibility to both 
extreme runoff and prolonged low flows. 

• Seasonal snowpack melt rates will increase. Snowmelt 
will occur earlier in the season and make a larger con¬ 
tribution to total runoff in early spring causing increased 
probability of floodings, 

• Glacier shrinkage will cause glacier contributions to river 
runoff to increase initially, and then decrease. Glacier 
melt seasons will be extended and higher temperatures 
will enhance glacier melt rates. This impact is transient, 
however, and ice volumes will eventually be sufficiently 
reduced to limit total meltwater production. More than 
half the basins in the extended HKH are expected to have 
reduced glacier melt contributions by 2100 (Shea and 
Immerzeel 2016). 

• The sign and magnitude of changes in evapotranspiration 
are less clear. The role of evapotranspiration in 
high-elevation water cycles is unstudied, but evapotran¬ 
spiration rates are a function of temperature, solar radi¬ 
ation, and wind speed, and are limited primarily by 
available soil moisture. All things being equal, an 
increase in temperature will lead to an increased evapo¬ 
transpiration rate, which may affect river runoff during 
warmer seasons. 

An increase in precipitation will also have various com¬ 
pound hydrological impacts: 

• More precipitation implies more rainfall, which will 
cause more runoff in the rivers, a more capricious runoff 
pattern, and an increased susceptibility to extreme runoff. 

• More rainfall will also cause an increase in soil moisture, 
which will enhance evapotranspiration rates in relatively 
dry seasons and thus cause a reduction in streamflow in 
the shoulder seasons of the monsoon. 

• More precipitation implies more snowfall and thus more 
glacier accumulation. This will contribute to more posi¬ 
tive glacier mass balances and a longer period ahead 
before ice volumes become so small that the contribution 
to river runoff diminishes. 

• More snowfall implies more extensive seasonal snow- 
packs, which results in a longer snowmelt season with a 


larger overall amount. This then results in an attenuation 

of the hydrograph and a reduction in the susceptibility to 

extremes. 

In reality, all these factors may conspire and together they 
determine the future hydrograph. Given the uncertainties, in 
particular with regards to future precipitation changes, it is 
difficult to draw accurate regional conclusions; however, 
average runoff is likely to be balanced for the coming dec¬ 
ades (Immerzeel et al. 2013; Lutz et al. 2014) and dealing 
with runoff extremes is the largest challenge we face (Lutz 
et al. 2016). 

Although the body of literature regarding future hydro- 
logical projections is scarce, the near-, medium-, and 
long-term projections that are available are presented in the 
following sections. 

7.7.2.1 Near-Term Change 

Seasonal snowmelt is the dominant source of streamflow in 
the pre-monsoon (Apr-Jun) in nearly all catchments across 
the region, with particular importance in the west (Singh and 
Bengtsson 2005; Bookhagen and Burbank 2010; Wulf et al. 
2016). The most prominent near-term change will likely be 
observed as a shift in snowmelt timing and magnitude. 

The Satluj river basin (western Himalaya), for example, is 
projected to see increased spring discharge (+6%) and 
decreased summer discharge (-7%) in response to a +1 °C 
temperature increase (Singh and Bengtsson 2005). Projected 
increases in summer runoff in the Indus are linked to 
increased snowfall and snowmelt totals, although uncertainty 
in climate model outputs is large (Ragettli et al. 2013). Other 
modelling studies have shown shifts in the timing and 
magnitude of snowmelt runoff across the extended HKH 
(Hagg et al. 2006, 2007; Tahir et al. 2011). Decreased 
snowmelt contributions in lower elevation western basins 
may reduce water availability during critical irrigation peri¬ 
ods (see Chap. 8), but greater low flows in winter and earlier 
spring snowmelt runoff could potentially benefit hydroelec¬ 
tric power generation (see Chap. 6). 

7.7.2.2 Medium- and Long-Term Change 

Glacier melt occurs primarily during the monsoon (Jun- 
Sep), when seasonal snowpacks have retreated to higher 
elevations and bare ice is exposed to annual maximums of 
mean daily air temperature and relatively high solar radiation 
(Box 7.5; Archer 2003). Smaller volumes of ice melt are also 
produced beneath debris-covered glaciers when energy is 
transferred from the surface to the debris/ice interface (Benn 
et al. 2012). Melt conditions for both clean and 
debris-covered glaciers can occur between March and 
October, and the hydrological impacts of glacier change will 
thus be felt primarily during these months. The magnitude 
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and significance of hydrological change due to glacier 
change will depend on climatic setting, and will likely be 
observed on decadal-to-century timescales (Immerzeel et al. 
2012; Lutz et al. 2014; Shea and Immerzeel 2016). 

The projected increase in temperatures and decline in 
glacier areas and volumes (Sect. 7.3) will have compensat¬ 
ing effects: glacier melt and runoff will increase initially, but 
glacier melt contributions will be reduced as glacier area and 
volumes adjust (Rees and Collins 2006; Immerzeel et al. 
2012; Bliss et al. 2014; Lutz et al. 2014; Shea and Immerzeel 
2016). A notable exception to this pattern is suggested for 
the western parts of the extended HKH, where large-scale 
modelling projects no significant decline in glacier melt until 
2100 (Bliss et al. 2014). The loss of glaciers in extended 
HKH catchments will lead to a reduced buffering capacity, 
reduced summer melt contributions, and increased stream- 
flow variability (Fountain and Tangbom 1985). 

Permafrost degradation, which occurs on 
decadal-to-century timescales, will lead to an increase in the 
active layer depth, a greater near-surface water reservoir, and 
possible increases in drainage (Wang et al. 2000; Niu et al. 
2011; Torre Jorgenson et al. 2013). 


temperature, we impose three separate scenarios on the 
modelled streamflow contributions (Fig. 7.15): 

• More rain, less snow: increased temperatures lead 
to a 30% reduction in snowfall. This is added to 
rainfall derived runoff. 

• Increased snow and ice melt: increased tempera¬ 
tures result in a 50% increase in melt. 

• Longer melt season: snowmelt season starts earlier, 
but total melt contribution remains the same. 

As all three impacts will likely be observed 
simultaneously, in addition to changes in precipitation, 
the specific attribution of hydrological change in 
glacierized watersheds is a difficult task. Further, the 
hydrological response will vary between basins 
depending on snow accumulation gradients, topogra¬ 
phy, glacier extent, state, and debris cover. 


7.8 Policy Relevance 


7.7.3 Recommendations 

To have confidence in both observations and projections of 
hydrological change related to cryospheric change, 
improved and expanded high-elevation monitoring sites are 
necessary, and should be complemented with remote sensing 
and modelling efforts. This could include the following: 

• Dedicated collaborative research catchments across a 
range of climatic and elevational zones with hydrologi¬ 
cal, meteorological, and glaciological observations 

• Detailed studies on high elevation snow accumulation, 
sublimation, and redistribution 

• Synoptic and time-series surveys of stable isotopes to 
estimate streamflow components (Box 7.4), and mod¬ 
elled streamflow contributions. 


Box 7.5 Climatological and hydrological change 
in glacierized watersheds 

As an example of the potential impacts of hydrology 
on glacierized watersheds, we use the mean daily 
runoff observed in the Langtang river, Nepal. Above 
the gauging station, the basin is approximately 25% 
glacierized, and detailed hydrological modelling indi¬ 
cates that snowmelt, rainfall, and glacier melt account 
for 40, 36, and 24% of annual runoff, respectively 
(Ragettli et al. 2015). Based on a simple increase in 


We identify three key areas of policy relevance with regards 
to the status, trends, and projections for the extended HKH 
cryosphere. 

1. Improved resource allocation for region- and sector- 
specific studies of the impacts of cryospheric change 
(e.g., impacts of glacier and snowpack changes on 
hydroelectricity, and GLOF hazards in the Himalaya) 

In most regions of the extended HKH, glaciers are thinning, 
losing mass, and retreating, except for western Kunlun and 
parts of the Karakoram and Pamir where glaciers have been 
relatively stable over the past decades. In addition, the limited 
data suggests seasonal snow cover is reducing and permafrost 
is thawing. Cryospheric change will ultimately influence the 
seasonal availability of water in the extended HKH river 
systems. However, our understanding on these issues is lim¬ 
ited, and we need to improve our data collection, analyses, and 
modelling strategies to provide sector- and region-specific 
details of projected changes. The speed and extent of changes 
will vary from region to region and may lead to conflicts due to 
competing demands from different sectors, such as domestic, 
agriculture, hydropower, and industrial usages. To avoid 
conflict, and to develop just and equitable water resource 
distribution policies, targeted studies are needed. 

2. High-level international agreements for systematic data 
collection, data sharing, training, and hazard warnings 
related to the cryosphere 
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Fig. 7.15 Conceptual changes in streamflow contributions in the Langtang Valley, Nepal 


Numerous rivers, such as the Indus, Ganges, and Brahma¬ 
putra originate in the high mountains of extended HKH, and 
the river water is then shared among various countries in the 
region by agreement, for example the Mahakali Treaty 
between Nepal and India, the 30-year Ganges (Ganga) 
water-sharing arrangement between India and Bangladesh, 
and the Indus water treaty between India and Pakistan. 
According to the Indus treaty, control over the three ‘eastern’ 
rivers (the Beas, Ravi, and Sutlej) was given to India, and 
the three ‘western’ rivers (the Indus, Chenab, and Jhelum) to 
Pakistan. However, in the future, glaciers and snow cover 
could change differently in the so-called eastern and western 
basins, leading to substantial change in the availability of 
water in each basin. This may lead to renegotiation of 
existing water-sharing treaties. To make informed decisions, 


we will need a better understanding of the changes in snow- 
and glacier-stored water and its melting processes. This will 
require proper international agreements for systematic and 
standardized data collection and sharing on the cryosphere in 
extended HKH. These agreements should follow guidelines 
and standards from existing high-level organizations such as 
the World Glacier Monitoring Service (WGMS, www. 
wgms.ch), Glacier and Permafrost Hazards in Mountains 
(GAPHAZ, www.gaphaz.org), and the Global Terrestrial 
Observing System (GTOS, www.fao.org/gtos/) as part of the 
Global Climate Observing System (GCOS, public.wmo. 
int/en/programmes/global-climate-observing-system). 

Obtaining access to existing and newly gathered data will 
be crucial and will provide longer time series for many 
regions. It will also call for improvement in the existing pool 
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of trained scientific personnel and the sharing of best prac¬ 
tices in data collection and analysis. It should also be noted, 
a significant amount of data exists in private hands, such as 
hydropower companies. 

Retreating glaciers can also potentially increase the haz¬ 
ard from glacial lake outburst floods, as new lakes may be 
formed due to overdeepening of the newly-exposed land and 
permafrost degradation will increase hazard potential from 
destabilizing mountain slopes. To minimize damage to 
human life, property, and the environment, a better trans¬ 
boundary hazard warning system is needed. This will require 
new international agreements and the development of proper 
infrastructure to share data and information in real time. 

3. Stronger global commitments and actions to reduce 
GHG emissions due to the recognition that climate 
change and carbon emissions are global phenomena that 
significantly affect the extended HKH cryosphere, and 
hence, also livelihoods in one of the most populated 
regions (is +1.5C enough?) 

All projections point towards increased cryospheric changes 
in the coming decades and centuries in the extended HKH. 
Decreased snowpacks, accelerated glacier mass loss, and 
changes in permafrost, rivers, and lakes will occur in 
response to increased temperatures. These cryospheric 
changes will directly affect populations both within and 
downstream of the mountains through changes in hydrology, 
natural hazard risks, and potential infrastructure losses. 
Notwithstanding the uncertainties in both the climate pro¬ 
jections and the model formulations, high-emission scenar¬ 
ios will result in greater cryospheric impacts than 
low-emission scenarios. This potential for climate mitiga¬ 
tion represents a key policy recommendation: the interna¬ 
tional community needs to make stronger and more 
accountable commitments to restrict GHG emissions and 
meet emission scenarios as given in RCP2.6 or lower. 
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Chapter Overview 


Key Findings 

1. The Hindu Kush Himalaya (HKH) mountains 
provide two billion people a vital regional life¬ 
line via water for food (especially irrigation), 
water for energy (hydropower), and water for 
ecosystem services (riparian habitats, environ¬ 
mental flows, and rich and diverse cultural values). 

2. Glacier and snow melt are important compo¬ 
nents of streamflow in the region; their relative 
contribution increases with altitude and proxim¬ 
ity to glacier and snow reserves. Groundwater, 
from springs in the mid-hills of the HKH, is 
also an important contributor to river base- 
flow, but the extent of groundwater contribution 
to river flow is not known due to limited scien¬ 
tific studies. 


3. Water governance in the HKH is characterised 
by hybrid formal-informal regimes with a 
prevalence of informal institutions at the local 
level and formal state institutions at national 
and regional levels. Synergy and support between 
state and informal water-management institutions 
is often lacking. Gender inequity is prevalent in 
both formal and informal institutions and translates 
into inequity in access to water. 


Policy Messages 

1. To counter the formidable and immediate threats to 
water security posed by human drivers including 
climate change, equitable, productive, and 
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sustainable water use should be promoted 
through decentralised decision making, effective 
management of urban pollution, improved 
infrastructure planning, and enhanced regional 
cooperation. 

2. Ensuring regional and local water security requires 

proactive HKH-wide cooperation, specifically in 
open data sharing among scientists and ministry 
or agency personnel; conflict management via 
regional platforms; and investment of public- 
and private-sector funds for generating and 
exchanging knowledge, enhancing public 
awareness, and stimulating action. 

3. Tradeoffs between upstream and downstream 
water uses; between rural and urban areas; and 
among irrigation, energy, industrial and other 
sectors must be carefully managed in order to 
enhance water security, meet the Sustainable 
Development Goals, and ensure water availability 
for hydropower that will be essential for HKH 
countries to achieve (intended) Nationally Deter¬ 
mined Contributions for emissions mitigation as 
established in the 2015 Paris climate accord. This 
requires balancing evidence-based policy with 
political imperatives at the local, national, and 
HKH regional scales, while ensuring that moun¬ 
tain communities derive commensurate benefits 
from HKH water resources in a manner that safe¬ 
guards downstream water needs. 


Commonly described as the “water tower for Asia,” the 
Hindu Kush Himalaya (HKH) plays an important role in 
ensuring water, food, energy, and environmental security for 
much of the continent. The HKH is the source of ten major 
rivers that provide water—while also supporting food and 
energy production and a range of other ecosystem services—for 
two billion people across Asia. This chapter takes stock of 
current scientific knowledge on the availability of water 
resources in the HKH; the varied components of its water sup¬ 
ply; the impact of climate change on future water availability; the 
components of water demand; and the policy, institutions, and 
governance challenges for water security in the region. 

The monsoon provides the main source of water for the 
eastern Himalaya; much of this comes as rain between June 
and September. In winter, the western Himalaya receives at 
least half of its precipitation from western disturbances 
( well-established). 

Knowledge of the amount and distribution of precipita¬ 
tion at higher altitudes (above 5000 m above mean sea level, 
masl) in the HKH is poor. There are very few meteorological 


stations at these altitudes and those that exist may not con¬ 
sistently provide data. The lack of reliable data has led to 
significant anomalies in observed rain and snow data and in 
observed glacier mass balances. More stations at higher 
altitudes are urgently needed ( well-established). 

While glacier and snow melt are important components of 
overall streamflow in the region, their significance varies 
widely—ranging from very high in western rivers, such as the 
Indus, to low in eastern rivers, such as the Ganges and the 
Brahmaputra. In the eastern rivers, rainfall runoff contributes 
the largest share of streamflow. Still, this share varies sub¬ 
stantially within each river basin. The relative contribution of 
glacier and snow melt, as opposed to rainfall runoff, increases 
with altitude and proximity to glacier and snow reserves 
( well-established ). 

Groundwater, from springs in the mid-hills of the HKH, is 
an important contributor to river baseflow, but the exact extent 
of this contribution is not known due to limited scientific 
studies and evidence. The role and contribution of springs to 
overall water budgets in the region is poorly understood ( well- 
established ). We urgently need better scientific knowledge of 
groundwater in the HKH—especially because millions of 
mountain people depend directly on springs. More is known 
about groundwater endowments in the plains. Groundwater is 
overexploited in the western plains, while it remains largely 
untapped in the eastern plains ( well-established). 

Climate change is expected to drive consistent increases in 
the total streamflow of the Indus, Ganges, and Brahmaputra 
rivers. In the Indus, this increase will come for a limited period 
from increased glacial melt, while in the Ganges and the 
Brahmaputra, it is expected to come mainly from precipitation 
(established but incomplete). Beyond the mid-century, the 
Indus Basin may experience decreases in pre-monsoon flow 
resulting from decreasing glacial melt (inconclusive). Changes 
in future flow volumes will also have a seasonal dimension, 
with increased peak runoff and decreased low flow in some 
sub-basins (established, but incomplete). Pre-monsoon flows 
are expected to decline, with implications for irrigation, 
hydropower, and ecosystem services (unresolved). 

Disaggregated water-use data are not available for the 
region defined as the HKH. However, across the entire ter¬ 
ritory of all eight countries sharing the HKH, about one-fifth 
of available renewable water resources are being used for 
human purposes. Countries vary widely in their 
water-resource endowments and withdrawals (established, 
but incomplete). 

For all eight countries—Afghanistan, Bangladesh, Bhu¬ 
tan, China, India, Myanmar, Nepal, and Pakistan—that 
comprise the region, agriculture (HKH and geographical 
regions outside HKH) accounts for the largest share of water 
use—accounting for over 90% of use in Afghanistan and 
65% in more industrialised China (well-established). India, 
Bangladesh, Pakistan, and China together account for more 
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than 50% of world’s groundwater withdrawals ( well-estab¬ 
lished ). These withdrawals mostly take place in the plains of 
river basins that originate in the HKH. Groundwater is used 
mostly for irrigation and in other sectors like urban water 
provisioning ( well-established). 

The HKH includes three sub-regions of agricultural water 
use each with distinct implications in terms of water man¬ 
agement: high mountains, mid-hills, and plains. Agriculture 
in the high mountains and the mid-hills tends to be largely 
rainfed with supplemental irrigation in the mid-hills. Agri¬ 
culture in the plains is mostly irrigated ( well-established). 
The nature and dynamics of the region’s agriculture are 
shifting in response to climate and demographic changes. 

Another use of water—hydropower—is mostly 
non-consumptive. Yet hydropower can change the timing 
and location of river flow thereby disrupting natural flow 
regimes, which can harm other water users, such as local 
irrigation, capture fisheries and ecosystems ( established). 
Such conflicts especially arise in the mid-hills and the 
mountains—which mark the location of most current and 
foreseeable hydropower sites. Very often, mountain people 
do not derive commensurate benefits from these projects 
( well-established ). Appropriate benefit-sharing norms are 
needed to ensure that mountain people also benefit from the 
region’s vast hydropower potential (established, but 
incomplete). 

Burgeoning cities and small towns in the HKH confront 
severe water stress from urbanization, which is often 
unplanned (well-established). This water stress often leads to 
concerns over water quality, but it also gives rise to practices 
such as the reuse of partially treated wastewater for agri¬ 
culture (established, but incomplete). 

In response to the Millennium Development Goals, the 
HKH made remarkable strides in achieving access to safe 
drinking water. The region is also committed to meeting the 
Sustainable Development Goals (SDGs). Still, much work 
remains to be done to provide basic sanitation (well-estab¬ 
lished). Rather than managing water for health and sanita¬ 
tion in isolation from water for irrigation, hydropower, 
municipal supply, and ecosystems, it would be more effec¬ 
tive to integrate water management for multiple uses. 

The important role of HKH rivers in providing ecosystem 
services is not well appreciated. Present law and policy 
frameworks are not adequate to ensure that infrastructure 
development does not impinge on ecosystem services 
(established, but incomplete). 

To ensure water security in the HKH, adequate water 
availability alone is not enough—what is needed is good 
water governance. Such governance must be politically and 
culturally tailored to the local, national, and regional con¬ 
texts (well-established). Water governance in the HKH is 
characterised by hybrid formal-informal regimes with a 
prevalence of informal institutions at the local level and 


formal state institutions at national and regional levels; often 
with lack of synergy and support between state and informal 
water-management institutions. Gender inequity is prevalent 
in both formal and informal institutions. Urban water-supply 
challenges posed by formal institutional regimes often 
forced upon pre-existing informal institutions have delete¬ 
rious consequences for water quality and quantity. Trans¬ 
boundary institutions for water resources are inadequate or 
non-existent, heightening the risk of conflict while also 
offering opportunities for HKH-wide cooperation (well- 
established). 

Challenges and opportunities vary at different levels: 
micro (watershed and springshed); meso (river basin); and 
macro (regional). Among the leading causes of poor water 
governance in the HKH are constantly changing conditions 
in the ecologically fragile sloping landscape, dispersed set¬ 
tlements, unequal power dynamics, centralised decision 
making, inadequate opportunities for local communities to 
influence their water-security decisions, despite the presence 
of local institutions (well-established). Throughout the 
HKH, more attention needs to be paid to HKH-specific 
conditions as well as more general challenges including 
participatory and cooperative decision making (formal, 
informal, and hybrid), evidence-based policies, transparent 
program implementation, accountability at all levels, and 
transboundary and regional cooperation. 

Water Security and the Sustainable Develop¬ 
ment Goals 

SDG Goal 6 is entirely focused on water. While 
drinking water and sanitation rightly remain central to 
SDG 6, other considerations have gained importance 
as well: water quality, wastewater management and 
reuse, transboundary cooperation, ecosystem services, 
capacity building, and cooperation. 

The SDG-consistent priorities and specific targets 
for the HKH region (with our assessment comments in 
italics) include the following: 

Ensure a year-round secure water supply in the 
mountains with universal and affordable access to safe 
drinking water, sanitation, and water for productive 
purposes. 

• Create secure water supply for key development 
sectors (agriculture, energy) that are viable 
year-round. Meeting this target will require that 
socio-economic and environmental impacts be 
comprehensively assessed with adequate and 
timely compensation for mountain communities 
who are impacted. 

• Build effective and efficient mechanisms to 
implement and monitor transboundary cooperation 
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agreements. Document and assess existing trans¬ 
boundary cooperation agreements in order to 
apply lessons and expand the scope of future 
agreements. 

• Achieve universal and equitable access to safe and 
affordable drinking water for all mountain people 
by 2030. As a priority target for mountain com¬ 
munities, this will require that comprehensive 
programs for spring revival and improvement be 
taken up, and in urban areas, additional sources of 
secure and affordable water be made available. 

• Achieve access to adequate and equitable sanita¬ 
tion services and hygiene education for all in 
mountain regions. Community-based models with 
attention to women and marginalized sections of 
the community must be taken up with support from 
local and national governments. 

• Reduce the water collecting time and work load of 
women and children (and of aging males, when¬ 
ever relevant) by 2030. Comprehensive programs 
for spring revival and improvement are urgently 
required to reduce the burden of water access by 
all members of mountain communities. 

• Support and strengthen the participation of moun¬ 
tain communities in water management. Increase 
decision-making power of local governments and 
ensure the incorporation of local-knowledge sys¬ 
tems and local institutions in water management. 


8.1 Introduction 

Water security has emerged as a subset of human security— 
one that has been raising serious concern throughout the 
early part of the 21st century. For the purposes of the 
HIMAP assessment, we use a definition of water security 
adapted from UN-Water (2013) and Scott et al. (2013) as 
follows: Water security is the capacity of HKH populations 
to safeguard sustainable access to adequate quantities of 
acceptable quality water for resilient societies and ecosys¬ 
tems, to ensure protection against water-borne pollution and 
water-related disasters, and to adapt to uncertain global 
change—in a regional climate of peace and political 
stability. 

This chapter focuses on current and future water 
endowments and their spatial distribution (Sect. 8.2), use 
(Sect. 8.3), and governance (Sect. 8.4). Water quality is 
recognized to be crucial for human health and ecosystem 
processes, but the relative lack of observed data and modeled 


dynamics makes it difficult to systematically address water 
quality. The chapter focuses primarily on the question of 
water quantity. Nonetheless, issues related to quality—such 
as, sediment in large river systems, challenges of wastewater 
management in HKH urban systems, and major biological 
and chemical contaminants linked to urbanization—are also 
discussed. 

The major river basins originating in the region are shown 
in Fig. 8.1. Throughout the chapter, we use specific terms to 
refer to nested geographical scales: micro (local, springshed, 
community); meso (river basin, subnational to national); 
macro (HKH-regional, transboundary); and global (beyond 
HKH, global). 


8.2 Water Availability in the Hindu Kush 
Himalaya 

This section attempts to assess the principal sources of water 
in the HKH, including precipitation, glacial melt, snowmelt, 
runoff, river discharge, springs, and groundwater. As already 
noted, water quantity is the principal focus. Aggregate water 
availability together with water use data are included in 
Sect. 8.3. Temporal dynamics are specifically referred to in 
the section on climate change impacts. 

8.2.1 Precipitation 

In general, the climate in the eastern part of the Himalayas is 
characterized by the East Asian and Indian monsoon sys¬ 
tems, causing the bulk of precipitation to occur from June to 
September. The precipitation intensity shows a strong 
north-south gradient caused by orographic effects (Galewsky 
2009). Precipitation patterns in the Pamir, Hindu Kush, and 
Karakoram ranges in the west are also characterized by 
westerly and southwesterly flows, causing precipitation to be 
more evenly distributed throughout the year, as compared 
with the eastern parts (Bookhagen and Burbank 2010). In the 
Karakoram, as much as two-thirds of the annual 
high-altitude precipitation occurs during the winter months 
(Hewitt 2011). About half of this winter precipitation is 
brought about by western disturbances, which are eastward 
propagating cyclones that bring sudden winter precipitation 
to the northwestern parts of the Indian subcontinent (Barlow 
et al. 2005). 

Meteorological stations are relatively sparse in the HKH 
(Shea et al. 2015b), in large part due to the poor accessibility 
of the terrain. Precipitation is especially variable over short 
horizontal distances due to orographic effects; however, 
high-altitude precipitation gauge networks are very rare. If 
there are rain gauges, they are mostly located in the river 
valleys where precipitation amounts are smaller than at 
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Fig. 8.1 Major river basins originating in the Hindu Kush Himalaya (Data source Box 1.1; Table 1.2) 


higher altitudes. Furthermore, most gauges have difficulty 
accurately capturing snowfall. Direct snow-accumulation 
measurements—using snow pillows, pits, and cores from 
accumulation zones—are also scarce and usually only 
account for short periods of time. Therefore, HKH precipi¬ 
tation predictions based on ground observations are not very 
accurate. In order to obtain more accurate predictions, 
observed data must be replaced by or supplemented with 
data gathered through other approaches, including remote 
sensing and reanalysis techniques to aid in generating grid- 
ded climate datasets. Recent research for the upper Indus 
basin indicates that in order for precipitation data to corre¬ 
spond with observed glacier mass balances and river dis¬ 
charges, the actual amount of precipitation would have to be 
double the amount estimated from station data (Immerzeel 
et al. 2015; Dahri et al. 2016). 

8.2.2 Cryospheric Contributions to River Flows 

At the river-basin scale, in the eastern HKH basins, glaciers 
play a relatively small role in annual surface runoff. Nev¬ 
ertheless, recent work shows that within each basin there is 
significant variability (Fig. 8.2); the closer one gets to the 
glaciers and snow reserves within a basin, the greater the 


relative importance of glacier and snowmelt runoff (Lutz 
et al. 2014). Several large-scale benchmark studies have 
focused on quantifying the importance of glacier and 
snowmelt runoffs in the overall hydrology of large Asian 
river basins. Permafrost contributions are addressed in 
Chap. 5. Glaciers have the potential to provide seasonally 
delayed meltwater to the rivers. Meltwater can make the 
greatest contribution to river flow during warm and dry 
seasons, which is particularly important to the water budget 
in water-scarce lowlands that are densely populated. 

A global study estimating seasonally delayed glacier 
runoff relative to precipitation input showed that the Indus 
basin had the greatest human dependence on glacier water 
within the HKH (Kaser et al. 2010). In another benchmark 
study, the Normalized Melt Index (NMI) was used to 
quantify the importance of both glacier and snow meltwater 
for five major river basins in Asia (the Indus, Ganges, 
Brahmaputra, Yangtze, and Yellow). The NMI is defined as 
the volumetric glacier and snowmelt in a basin divided by its 
downstream natural discharge. This study revealed very 
large differences among the basins, ranging from 46% snow 
and 32% glacier contributions in the Indus to 6% snow 
and 3% glacier contributions in the Ganges, which is 
largely dependent on the summer monsoon (Immerzeel et al. 
2010 ). 
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Fig. 8.2 Contribution to total flow by (a) glacial melt, (b) snowmelt, 
and (c) rainfall-runoff for major streams during the reference period of 
1998-2007. Line thickness indicates the average discharge during the 
reference period (Source Reprinted from “Consistent increase in High 


Asia’s runoff due to increasing glacier melt and precipitation” by Lutz, 
A. F. et al., 2014, Nature Climate Change, 4, p. 590. Copyright © 2014 
by Nature Publishing Group) 


Another study assessed the upper limit of glacier melt 
contribution to streamflow to estimate the potential melt 
contribution by combining energy balance computation— 
that calculated the amount of energy available for melt—with 
the Global Land Ice Measurements from Space (GLIMS) 
database (Schaner et al. 2012). The results once again high¬ 
lighted the Indus and small basins close to glacier outlets as 
the most dependent on glacier melt. Yet another study used 
the Variable Infiltration Capacity (VIC) model to assess 
the Yellow, Yangtze, Mekong, Salween, Brahmaputra, and 
Indus rivers. Results showed that these rivers—except for the 


Indus—were primarily dependent on rainfall runoff. By 
contrast, the total glacier melt and snowmelt contribution to 
the Indus streamflow was about 80% (Zhang et al. 2013). 

In the headwaters close to the glacier and snow source 
areas, smaller-scale studies based on either stable isotope 
analysis (Racoviteanu et al. 2013) or modeling (Immerzeel 
et al. 2013; Nepal et al. 2014b; Ragettli et al. 2015; Shrestha 
et al. 2015b; Tahir et al. 2015) showed the significant 
dependence of river flow on both glacier and snowmelt, even 
if the larger basins in which the headwaters are located have 
minimal dependence on meltwater. 
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8.2.3 Rivers 

As indicated in Fig. 8.1, the HKH functions as the water 
tower (Immerzeel et al. 2010) for much of the southern and 
eastern Asian continent, serving as the source for ten major 
river systems. Variations are very pronounced in river dis¬ 
charge, the contributions of different sources, and temporal 
trends (both seasonal and inter-annual). 

A number of studies analyzing observed records have 
attempted to attribute trends in discharge to meteorological 
trends: 

• A study analyzing streamflow trends from nineteen sta¬ 
tions in the upper Indus basin indicated that in highly 
glaciated catchments the discharge is best correlated to 
temperature (Archer 2003). According to the analysis, 
the volume of summer discharge in middle-altitude 
catchments is predominantly governed by the preceding 
winter’s precipitation, whereas streamflow in catchments 
further downstream is mainly determined by winter and 
monsoon rainfall. 

• Another study of the upper Indus basin (Khattak et al. 
2011) found that increasing trends in streamflow could be 
related to increases in mean and maximum temperature, 
particularly in the winter and spring seasons. 

• Sharif et al. (2013) concluded that highly glaciated 
catchments in the upper Indus basin showed decreasing 
trends in streamflow, whereas streamflow had increased 
in less glaciated catchments. The study showed flow 
decreasing in early summer but increasing in the winter. 

• Mukhopadhyay and Khan (2014b) showed that runolf in 
the central Karakoram increased during the melting season 
from 1985 to 2010. They concluded that increased flow 
was possible under neutral glacier mass balance conditions 
as a result of increased temperature and precipitation. This 
allowed the rate of mass cycling of the glacier to increase 
even as the mass balance remained neutral. 

• Bashir et al. (2017) found an overall decreasing trend in 
annual accumulated discharge in the Indus river at Tarbela 
Dam. According to their study, the annual increase in 
precipitation and decrease in runoff suggested an overall 
increase in storage of water in the elevated regions of the 
watershed, mainly in the form of snow and glaciated ice. 

A limited number of published studies have estimated the 
composition of streamflow within different catchments or 
sub-basins of the Indus, Ganges, and Brahmaputra 
(Table 8.1). Results are, however, difficult to compare due to 
the variation in concepts, approaches, and application scales 
employed. 

The findings of each study were largely dependent on the 
availability of data and application scale (for example, the size 


of the catchment or basin included in the simulation). The 
estimates by Immerzeel et al. (2011, 2013), for instance, were 
made using a distributed model, including a simple ice flow 
model, whereas the estimates by Soncini et al. (2015) were 
made using a semi-distributed cryospheric-hydrological 
model fed and validated with in situ measurements. 

River discharge is an essential component of the regional 
water balance, with important contributions from glacial 
melt, snowmelt, and spring flow within the HKH. Addi¬ 
tionally, river flows play a dominant role in sediment 
transport and groundwater recharge in the plains. Spatial and 
temporal trends in river flows are addressed in Sect. 8.2.7. 

8.2.4 Sediment Transport 

There is a strong relationship between upstream erosion, 
mass wasting, in-stream transport, and downstream sediment 
deposition in the HKH. Erosion in the region is strongly 
determined by young and fragile geological formations, 
land-management practices, and monsoon precipitation 
(Nepal et al. 2014a). High sediment flux in the rivers within 
this region may be largely attributed to the young uncon¬ 
solidated mountain system with frequent geologic activity 
that makes the landmass fragile and unstable, in addition to 
which the intense precipitation of the Indian summer mon¬ 
soon on the southern side of the main Himalayan ridgeline 
and the East Asian summer monsoon on the eastern edge of 
the Tibetan Plateau also contribute a great deal (Bandy- 
opadhyay 2017). Sediment load in rivers can be used as an 
important proxy for evaluating ecological and environmental 
conditions as well as the severity of regional erosion (Zeng 
et al. 2018). The location of villages, type of agricultural 
land use (including terracing, road access, and other features 
of the structure), and function of human settlements in the 
HKH have important mutual effects on erosion, sediment 
transport, and deposition. An important issue is the interre¬ 
lation between sediment flux and downstream hazards, such 
as rapid and frequent channel migration and extensive 
flooding due to channel instability triggered by channel bed 
aggradation. 

About one-third of the global sediment deposited to the 
oceans is estimated to be generated from the Tibetan Plateau 
and its neighbouring regions (Milliman and Meade 1983). 
The high sedimentation of rivers within this region may be 
largely attributed to the young, unconsolidated mountain 
system with more frequent geological activities that make 
the landmass fragile and unstable as well as the precipitation 
patterns of the Indian monsoon and the East Asian summer 
monsoon that fall more intensely on the south side of the 
main Himalayan ridgeline and the eastern edge of the 
Tibetan Plateau respectively (Bandyopadhyay 2017). The 



8 Water in the Hindu Kush Himalaya 


265 


Table 8.1 Results of studies estimating streamflow composition at selected locations 


Site 

(river/location) 

Country, major river 

Reference 

Basin area 
(km 2 ) 

Period 

Contribution by component (%) 

Glacier 

melt 

Snowmelt 

Rain 

runoff 

Base-flow 

Satluj, Bhakra 

Dam 

India, Indus River 

Singh and Jain (2002) 

56,874 

1986-1996 

59 

41 

- 

Lutz et al. (2014) 

- 

1998-2007 

27.6 

20.8 

38.6 

13 

Langtang Khola, 
Kyangjing 

Nepal, Ganges River 

Immerzeel et al. (2011) 

360 

2001-2010 

47 

6.9 

28.8 

17.4 

Immerzeel et al. (2013) 

- 

1961-1990 

13 

20.4 

10 

56.6 

Racoviteanu et al. 

(2013) 

352.3 

1988-2006 

58.3 

41.7 

Ragettli et al. (2015) 

350 

2012-2013 

26 

40 

34 

- 

Lutz et al. (2014) 

- 

1998-2007 

52.5 

12.8 

25 

9.7 

Dudh Koshi, 
Rabuwa Bazar 

Nepal, Ganges River 

Racoviteanu et al. 

(2013) 

3,711.4 

1988-2006 

7.4 

92.6 


Lutz et al. (2014) 

- 

1998-2007 

18.8 

4.8 

64.8 

11.6 

Nepal et al. (2014b) 

3,712 

1985-1997 

17 

17 

46 

20 

Lhasa Basin 

China, Yarlung 
Tsangpo River 

Prasch et al. (2013) 

26,339 

1971-2000 

3 

41 

56 

- 

Indus, Besham 

Qila 

Pakistan, Indus 

River 

Mukhopadhyay and 
Khan (2014a) 

164,867 

1969-2010 

21 

49 

30 

Lutz et al. (2014) 

- 

1998-2007 

67.3 

17.6 

7.1 

8 

Mukhopadhyay and 
Khan (2015) 

- 

1969-2010 

25.8 

44.1 

- 

30.2 

Hunza, Dainyor 
Bridge 

Pakistan, Indus 

River 

Mukhopadhyay and 
Khan (2014a) 

13,732 

1966-2010 

74 

26 

Lutz et al. (2014) 

- 

1998-2007 

80.6 

9.6 

1.3 

8.5 

Mukhopadhyay and 
Khan (2015) 

13,734 

1966-2010 

42.8 

31.3 

- 

25.9 

Shrestha et al. (2015b) 

13,733 

2002-2004 

33 

50 

17 

- 

Baltoro, Baltoro 

Pakistan, Indus 

River 

Immerzeel et al. (2013) 

- 

1961-1990 

38.7 

21.6 

3.5 

36.2 

Shigar, Shigar 

Pakistan, Indus 

River 

Soncini et al. (2015) 

-7,000 

1985-1997 

32.9 

39.5 

27.6 


indicates not available 


Ganges-Brahmaputra River is one of the most 
sediment-laden rivers in the world, with annual sediment 
loads of 1235-1670 million tons (Milliman and Meade 
1983; Abbas and Subramanian 1984). Approximately, half 
of this is deposited within the lower basin while the other 
half is delivered to the ocean (Islam et al. 1999). The annual 
sediment load of the Ganges River accounts for nearly 
two-thirds of the total sediment load in the 
Ganges-Brahmaputra (Abbas and Subramanian 1984). By 
contrast, the gross sediment load output from the upstream 
Yarlung Tsangpo River in Tibet is estimated to be just a 
small fraction (<10%) of the total load in the 
Ganges-Brahmaputra River (Wasson 2003; Blothe and 
Korup 2013), which is due to a large volume of coarse 
gravel and sand deposited in the upstream river valley 
(Wang et al. 2016). A recent study on the midstream 


Yarlung Tsangpo River also indicates that the sediment yield 
in the catchment is much lower than other major rivers 
originating from plateaus, such as the upper Yellow River, 
the upper Yangtze River, the upper Indus River, and the 
Mekong River (Shi et al. 2018). The sediment load of the 
Koshi River (the easternmost tributary of the Ganges) is 
reported to be about 120 million tons per year at Chatra. 
Because of the high sediment load and the low gradient in 
the Indo-Gangetic Plain, the river’s channel has shifted 
westward by about 115 km over the past 220 years (Gole 
and Chitale 1966; Dixit 2009; Chakraborty et al. 2010). 

One of the most recent avulsions of the Koshi in 2008 
was triggered by a breach in the embankment at Kusaha 
(12 km upstream of the Koshi barrage), resulting in an 
approximately 120 km shift of the middle fan region (Sinha 
2009). This unprecedented avulsion was primarily attributed 
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to large-scale bed aggradation due to siltation, thereby 
pushing the river close to the avulsion threshold (Sinha et al. 
2014). Recent work has provided an assessment of sediment 
flux in the Koshi basin in relation to sediment connectivity 
and the factors controlling the pathways of sediment delivery 
(Mishra et al. 2016). This assessment has helped characterize 
sediment dynamics in complex morphological settings and 
in a mixed environment. 

Due to its high-alpine topography, intense meltwater 
supply, and the summer monsoon, the Indus River transports 
large volumes of sediment (Nag and Phartiyal 2015), par¬ 
ticularly from its upper reaches in northern Pakistan (Mey- 
beck 1976; Ali and Boer 2007; Ashraf et al. 2017). The 
Yangtze River is ranked globally as the fifth largest river in 
terms of runoff and the fourth largest in terms of sediment 
load (Yang et al. 2011). Studies have shown that the upper 
river basin is the main sediment source for the Yangtze 
River, while significant deposition occurs in the middle and 
lower reaches where the slope is gentler (Chen et al. 2001; 
Wang et al. 2007; Yang et al. 2007). The Yellow River was 
once the most sediment-laden river in the world, but its 
sediment concentrations have decreased by approximately 
90% since the 1950s due to human activity (e.g., reforesta¬ 
tion and engineering measures) and regional climate change 
(Xu et al. 2004; Wang et al. 2016). Both high sedimentation 
(i.e., when too much can affect the river’s course or result in 
flooding) and low sedimentation (i.e., when too little may 
destroy the rich delta ecosystems) present management 
challenges (Giosan et al. 2014). Thus, the beneficial aspects 
or risks of sedimentation are largely dependent on the 
bearing capacity and the degree of change (Wang et al. 
2016). 

8.2.5 Springs 

Mountain springs play an important hydrological role in 
generating streamflow for non-glaciated catchments and in 
maintaining winter and dry-season flows across numerous 
HKH basins. Springs are the primary water source for rural 
households in the HKH. 80% of rural households in Sikkim 
rely on springwater (Tambe et al. 2009). Springs also con¬ 
tribute to the baseflow of many rivers in the region. In the 
Indian Himalaya, 64% of irrigated areas are fed by springs 
(Rana and Gupta 2009). 

Due to factors related to anthropogenic impacts (such as 
deforestation, grazing, exploitative land use resulting in soil 
erosion, etc.) and climate change (e.g., highly variable 
rainfall), springs fed during the monsoon by groundwater or 
underground aquifers are reported to be drying up and 
threatening whole ways of life for local communities in most 
parts of the mid-hills of the HKH (Vashisht and Bam 2013; 
Mukherji et al. 2016). Springs have been particularly 


affected by the depletion of shallow water table because of 
reduced infiltration due to crust formation and by increased 
intensity of rainfall. They are further impacted by rapid 
socio-economic growth, demographic changes, and infras¬ 
tructural developments, such as dams and road building 
(Mahamuni and Kulkarni 2012; Vashisht and Bam 2013; 
Mukherji et al. 2016). Due to scarce observation data, the 
status of most springs in this region is still unknown. 
According to research, nearly 50% of perennial springs in 
the Indian Himalaya have dried up or become seasonal 
(Rana and Gupta 2009). Spring discharges have also sig¬ 
nificantly declined (Sharda 2005). A case study in the Gaula 
River Basin in the central HKH showed that, by the late 
1980s, spring flow had decreased by at least 25% (Valdiya 
and Bartary a 1989). In Sikkim, in the eastern HKH, the 
decrease in spring discharge was found to be over 35% 
during the 2000s (Tambe et al. 2012). In one of the mid-hills 
districts of Nepal, as many as 30% of the springs have dried 
up in the last decade, likely the result of a combination of 
biophysical, technical, and socio-economic factors (Sharma 
et al. 2016). 

To address the water crisis caused by these dried-up 
springs, springshed-management strategies and conservation 
measures should be developed by merging scientific and 
community knowledge. In doing so, it is important to better 
establish the relationship between precipitation, recharge, 
and spring discharge (Negi and Joshi 2004). The few studies 
published on this matter are based on small, scattered areas 
(Negi and Joshi 2004; Vashisht and Sharma 2007; Tambe 
et al. 2012; Tarafdar 2013; Sharma et al. 2016; Kumar and 
Sen 2017a, b; Paramanik 2017) and reported results show 
significant variations across the HKH. While 
spring-discharge variation appears to be consistent with 
rainfall in Sikkim in the east (Tambe et al. 2012) and 
Uttarakhand in the central-western Himalaya (Agarwal et al. 
2012), it shows an inverse pattern with monthly rainfall in 
the western Himalayan springs of Kashmir (Negi et al. 
2012). These trends suggest that, in addition to precipitation, 
other causal factors and localized impacts should also be 
investigated. 

Recent studies indicate the importance of developing an 
improved understanding of the aquifers through which 
groundwater recharges springs (Jeelani 2008; Mahamuni and 
Kulkarni 2012). A case study in the western Himalaya 
shows that spring discharge during the rainy season is very 
high for Karst springs and much lower for alluvium 
(fluvio-lacustrine) and Karewa (glacio-fluvio-lacustrine) 
springs (Jeelani 2008). 

The anthropogenic impacts on spring discharge—in¬ 
cluding those from changes in land use and soil erosion— 
have been discussed in some studies (Singh and Pande 1989; 
Valdiya and Bartarya 1989; Tiwari and Joshi 2014). With 
glacial retreat increasing in this region, the disappearance of 
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small glaciers may be a factor in the drying up of springs 
(Fort 2015). A workable and realistic management plan for 
spring watersheds needs both hydrogeological and hydro- 
logical characterization of catchments as well as a reliable 
modeling approach (Kresic and Stevanovic 2009). Thus, 
additional field investigations of declining springs—along 
with further research, detailed geohydrology, and modeling 
studies of well-observed spring catchments—are needed in 
the HKH. 

8.2.6 Groundwater in Lowland Areas of HKH 
Basins 

Hydrogeological characteristics of aquifers remain unknown 
in most parts of the HKH. Across the region, a number of 
groundwater studies have been conducted by characterizing 
aquifer systems in northwestern India (Narnia and Gosain 
2013; Lap worth et al. 2015) and northeastern India (Michael 
and Voss 2009; Mahamuni and Kulkami 2012). In Nepal, 
studies conducted in Kathmandu Valley provide insight into 
the geological formation of aquifers (Shrestha et al. 1999), 
their hydrogeological characteristics (Kc 2003), and their 
spatial distribution (Pandey and Kazama 2011). These 
studies constitute a valuable knowledge base for guidance in 
groundwater management (Pandey et al. 2012). Aquifer 
mapping and groundwater level information at regular 
intervals need to be made publicly available. 

In South Asia, groundwater constitutes the water source 
for over 75% of irrigated areas (Shah et al. 2006). Through the 
use of wells, groundwater also provides drinking water for 
85% of rural population in India (Livingston 2009). For the 
HKH lowlands, too, groundwater is an extremely important 
source of water. In the plains of South Asia, groundwater is 
one of the most exploited water resources, of which signifi¬ 
cant depletions have been observed in the Indus basin of 
Pakistan (Ashraf and Ahmad 2008), the Kathmandu Valley of 
Nepal (Dixit and Upadhya 2005; Pandey et al. 2010), as well 
as northwestern region of India (Rodell et al. 2009). 

Groundwater from subsurface recharge and glacier and 
snow melt can serve as temporary storage for river discharge 
in the HKH. A model-based study of water budget showed 
that the contribution of groundwater is about six times 
higher than that of glacier and snow melt in the central Nepal 
Himalaya (Andermann et al. 2012). This study also found a 
significant time lag between rainfall and discharge, indicat¬ 
ing the importance of groundwater as temporary subsurface 
storage for the HKH lowlands. Currently, only a limited 
number of model-based studies in the HKH (Andermann 
et al. 2012; Narnia and Gosain 2013; Racoviteanu et al. 
2013) adequately account for groundwater processes due to 
data scarcity. 


8.2.7 Implications of Climate Change on HKH 
Water Resources 

The implications of climate change on the availability of 
water resource—spatial distribution, temporal dynamics, and 
water security in general—are extremely significant. Climate 
change processes and future projections for the HKH are 
addressed in detail in Chap. 4 and projections of glacial 
change are addressed in Chap. 5. 

Lutz et al. (2014) showed that, as a result of climate 
change, a consistent increase in streamflow is expected at 
large scales for the upstream reaches of the Indus, Ganges, 
and Brahmaputra rivers until at least 2050. For the upper 
Indus, this is mainly due to increased glacial melt, whereas 
for the Ganges and Brahmaputra, the projected increase in 
streamflow is driven primarily by increased precipitation. 
These streamflow projections, however, have a large degree 
of uncertainty, especially for the upper Indus, as projections 
for precipitation show contradicting patterns. 

These studies also show the various responses to climate 
change among rivers with different streamflow patterns. For 
example, the Indus River flow is dominated by 
temperature-driven glacial melt during summer; therefore, 
the uncertainty in future flow is relatively minor due to the 
small uncertainty in future temperature changes. On the 
other hand, the Kabul River has much larger components of 
rainfall runoff and snowmelt, increasing the uncertainty in 
future flow due to the large uncertainty in future precipita¬ 
tion. The absolute amounts of glacial melt and snowmelt are 
not projected to change much in the Brahmaputra and the 
rivers in the Ganges basin, but their relative contributions are 
expected to decrease due to increased rainfall runoff. As a 
result, projections show increased peak discharge in the 
monsoon season with a large uncertainty in the magnitude of 
flow increases. 

On a smaller scale, projections through the end of the 
century for the Langtang and the Baltoro catchments 
(Immerzeel et al. 2013) indicate a consistent increase in total 
streamflow for both, despite their contrasting climates 
(RCP4.5 and RCP8.5). These increases range from 
172 mm/year (Langtang, 31%) to 278 mm/year (Baltoro, 
46%) in 2021-2050 for RCP 4.5 and from 493 mm/year 
(Langtang, 88%) to 576 mm/year (Baltoro, 96%) in 2071- 
2100 for RCP 8.5. In the Baltoro catchment, glacial melt is a 
larger component of total streamflow, and projected increa¬ 
ses in melt are expected to be the main cause of the signif¬ 
icant increase expected in total streamflow. In the Langtang 
catchment, projected increases in precipitation account for 
the increase in total streamflow. Despite the contrasts in 
climate and hydrological regimes, both catchments 
are expected to respond similarly to future climate change, 
especially through the first half of the 21st century. 
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In the eastern Dudh Koshi catchment in Nepal, Shea et al. 
(2015a) suggest sustained mass loss from glaciers in the 
Everest region through the 21st century based on RCP 4.5 
and RCP 8.5 climate projections. Similarly, Bajracharya 
et al. (2014) reported a loss of glacier area of 23% in Bhutan 
and 25% in Nepal between 1980 and 2010. How and when 
the loss of glaciers will impact downstream availability of 
water is an important area for further research. 

Hydrological models have been used to assess the likely 
impact of climate change on water resources in Pakistan 
(Ashraf 2013) and in the Koshi River Basin in Nepal 
(Bharati et al. 2014). Bharati et al. (2014) projected 
increased flow volumes during the monsoon and 
post-monsoon and decreased flow volumes during the winter 
and pre-monsoon seasons, with greater impacts likely in 
certain seasons and sub-basins. 

Soncini et al. (2015) have found similar results for the 
Shigar watershed (which includes the Baltoro watershed), 
projecting mostly increases in flow until the end of the century 
and speculating on the potential for slight decreases there¬ 
after, once ice volumes have diminished. In this catchment, 
changes in precipitation will not compensate for ice loss in the 
long run. Across the three different RCPs presented in this 
study, the differences in streamflow change are strikingly 
small. The authors showed that increases in both temperature 
and winter precipitation cause streamflow increases to begin 
earlier, when glacier and snow begin to melt. This is most 
dramatic for RCP 8.5, in which two of three General Circu¬ 
lation Models (GCMs) show significant flow increases 
beginning in April instead of June. Other RCPs also show a 
shift to the earlier onset of increased flow—and this shift gets 
stronger toward the end of the century. However, one of the 
GCMs shows a very different pattern, with flows decreasing 
in spring and increasing slightly in all other months. 

Ragettli et al. (2013) have showed that for the Hunza basin 
simulated decadal mean runoff is relatively constant (with 
projections until 2050), but strongly contrasting changes 
occur in some of the sub-basins. Some models showed flow 
volume decreasing by as much as 50% due to decreases in 
glacial melt, while others showed flow volume increasing due 
to increases in snowmelt, precipitation, and temperature. In 
the basin areas, with projections of decreased flow, the most 
pronounced reductions occur from June to September. The 
annual peak runoff is projected to occur in June/July, earlier 
than the July/August peak of the control period. 

In the Lhasa basin, Prasch et al. (2013) have made 
hydrological projections by forcing a glacio-hydrological 
model with the IPCC Special Report on Emissions Scenarios 
(SRES) scenarios. The authors found that the contribution of 
glacial melt to total runoff will remain almost stable until 
2080, although there will be a slight increase during a short 
period in the spring. By contrast, the contribution of snow¬ 
melt to runoff will generally decrease in the Lhasa basin, 


resulting in changes to water availability. Additionally, the 
increased evapotranspiration accompanying rising air tem¬ 
peratures will also reduce water availability. However, in 
contrast, regional vegetation greening observed in Tibetan 
Plateau (TP) is likely to slow warming rates (Box 8.1). 

Box 8.1 Implications of landscape-level vegeta¬ 
tion change for evaporation 

In recent decades, vegetation changes across the 
Tibetan Plateau (TP) have shown significant spatial 
variation. Decreasing trends in Normalized Difference 
Vegetation Index (NDVI) during the summer growing 
season have been noted in the southwest, whereas 
obvious greening was observed in the northeast based 
on existing global NDVI datasets (Fig. 8.3). Due to 
warming trends and the grazing-to-grassland project 
implemented by the Chinese government, regional 
greening is confirmed by observed NDVI. Despite the 
warming effects of reduced albedo resulting from 
increased NDVI, the cooling effects of enhanced 
evapotranspiration (ET) are dominant in the TP, where 
ET is believed to be relatively high even at low tem¬ 
peratures (Shen et al. 2015). Greening with increasing 
NDVI as the proxy is believed to have cooling effects 
on surface temperatures due to enhanced ET. This is 
supported by the significant negative correlation 
between NDVI and daily max temperatures at 55 
meteorological stations across the TP. By means of the 
Weather Research and Forecasting (WRF) model, an 
increase of NDVI by 0.1 is estimated to result in an 
increase in ET by ~0.5 mm d -1 and a decrease in 
albedo by 0.01. Thus, regional vegetation greening is 
not only beneficial to ecosystem processes, but also to 
slowing warming rates Shen et al. (2015). 

Based on their review of the impacts of climate change on 
the Indus, Ganges, and Brahmaputra River Basins, Nepal 
and Shrestha (2015) noted an increase in glacier melt and 
snowmelt from 2000s to approximately mid-century, which 
is then followed by a decrease. Although, increases in 
meltwater are likely for the next few decades, meltwater 
volume is likely to decrease abruptly once glacial storage is 
reduced. Nevertheless, further studies are required to 
understand intra-annual changes and the impact of extreme 
events on meltwater volumes. Changes in extreme hydro- 
logical events in the Indus, Ganges, and Brahmaputra basins 
are insufficiently studied. As an increase in precipitation is 
generally projected, it is highly likely that precipitation 
extremes—and associated extreme discharges—may 
increase as well. Soncini et al. (2015) used downscaled 
GCM data to force a semi-distributed model to conduct a 
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Fig. 8.3 NDVI changes in the 
growing season (May- 
September) across the Tibetan 
Plateau over the past three 
decades, (a) Trend in the growing 
season NDVI at a regional scale 
during the periods of 1982-2010, 
1982-1999, and 2000-2010. 

***P < 0.01; **P < 0.05; 

*P < 0.10. Trends with no 
asterisk are not significant 
(P > 0.10). (b-f) Spatial 
distribution of NDVI trends from 
different datasets examining 
different periods (,Source 
Reprinted from “Evaporative 
cooling over the Tibetan Plateau 
induced by vegetation growth” by 
Shen, M. et al., 2015, Proceedings 
of the National Academy of 
Sciences, 112(30), p. 9300. 
Copyright © 2015 by the 
National Academy of Sciences of 
the United States of America) 
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basic analysis of changes in extreme discharges in the Shigar 
catchment. Most models indicated increased discharge for 
the flow-return periods analyzed, indicating the potential for 
heavier floods during the flood season from June to October. 


8.3 Water Use in the Hindu Kush Himalaya 

There are wide variations in water endowments in HKH 
countries in terms of per capita availability, contribution 
from surface and groundwater sources, as well as with 
regards to whether or not the water originated within the 
geographical boundaries of the country or, for that matter, 
within the HKH. For instance, upstream countries like 
Bhutan and China generate all their water within their own 
geographical boundaries, while the downstream country of 
Bangladesh gets over 90% of its water from beyond its 
geographical boundaries. The very nature of 
upstream-downstream linkages and water distribution across 


the countries makes it imperative that upper and lower 
riparian communities cooperate in sharing water equitably. 

As seen in Table 8.2, total renewable water availability in 
the eight countries that constitute the HKH is 7745.5 km 3 
(AQUASTAT, FAO 2016a). Figures 8.4, 8.5 and 8.6 show 
the distribution and per capita availability and use across the 
eight countries of the HKH region. Of the total water 
resources, 1597.8 km 3 (20.62%) is used annually for various 
purposes. Some of this usage is consumptive in nature (for 
agriculture, drinking, and domestic use), as opposed to the 
largely non-consumptive use in sectors like hydropower. 

Table 8.3 shows the sectoral water use in various coun¬ 
tries in the region, but for reporting reasons, these do not 
precisely correspond to the HKH. As with water-resource 
endowments, there are also wide variations in terms of total 
volume and per capita water withdrawal, contribution of 
surface and groundwater to total water withdrawals, and 
percentage of water withdrawals from the total renewable 
freshwater available. For instance, per capita water 
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Table 8.2 Water-resource availability in HKH countries 


Country 

Long-term 
average annual 
precipitation in 
depth 
(mm/year) 

Long-term 
average annual 
precipitation in 
volume (km 3 / 
year) 

Total internal 
renewable 

water 

resources 
(IRWR) (km 3 / 
year) 

Total 

renewable 

water 

resources 

(km 3 /year) 

Total 

renewable 

surface 

water 

(km 3 /year) 

Total 

renewable 

groundwater 

(km 3 /year) 

Dependency 
ratio (%) 

Total 

renewable 

water 

resources per 
capita (m 3 / 
inhab/year) 

Afghanistan 

327 

213.3 

47.15 

65.370 

55.68 

10.65 

29 

2,019 

Bangladesh 

2,320 

334 

105 

1,226.6 

1,206 

21.12 

91.4 

8,343 

Bhutan 

2,200 

84.5 

78 

78 

78 

8.1 

0 

109,244 

China 

645 

6,189 

2,812.4 

2,839.7 

2,739.0 

828.8 

1 

2,079 

India 

1,170 

3,846 

1,446 

1,911 

1,869 

432 

31 

1,582 

Myanmar 

2,341 

1,415 

1,002.8 

1,167.8 

1,157 

453.7 

14.1 

24,537 

Nepal 

1,500 

220.77 

198.2 

210.2 

210.2 

20.0 

5.71 

7,142 

Pakistan 

494 

393.3 

55.0 

246.8 

239.2 

55 

78 

1,474 


Source FAO (2016a) 


Fig. 8.4 Total per capita 
renewable water resources and 
withdrawals by country (Source 
FAO 2016a, AQUASTAT http:// 
ww w .fao. org/nr/water/aquastat/ 
water_res/index. stm) 


120,000 

100,000 



withdrawals vary from 1096 m 3 /year in Pakistan to a low of 
247 m 3 /year in Bangladesh. At the same time, Pakistan 
withdraws 74% of its renewable freshwater resources, while 
Bhutan withdraws less than 0.5% annually. Groundwater 
accounts for 79.4% of water withdrawal in Bangladesh and 
for about 33% of water withdrawal in India and Pakistan. 

Figure 8.7 shows the total water withdrawals and with¬ 
drawals by sector in the HKH countries. In spite of their 
varied water withdrawal, what remains constant across all of 
these countries is that the largest proportion of withdrawals 
is used for agriculture. Agriculture accounts for close to 90% 


Total per capita Total per capita 

renewable water water withdrawal 

resouces 

of water withdrawal in all HKH countries with the exception 
of China, where 65% of withdrawal is applied to agriculture. 
By contrast, 25% of China’s water withdrawal is used for 
industrial purposes, while industry accounts for less than 
10% of water withdrawal in other countries, reflecting China 
as the most industrialized country in the HKH. Overall, 
given the twin effects of anthropogenic and climate induced 
changes, it is believed that water use in the HKH is at a 
critical crossroad, and decisions regarding water manage¬ 
ment and governance taken now will have long-term 
implications for the future (Mukherji et al. 2015). 
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Fig. 8.5 Total renewable water resources and withdrawals by surface 
water versus groundwater by country (,Source FAO 2016a, AQUA- 
STAT http://www.fao.org/nr/water/aquastat/water_res/index.stm) 


8.3.1 Agricultural Water Use in the Mountains, 
Hills, and Plains of HKH River Basins 

As is the case in most other regions of the world, agriculture 
accounts for the highest proportion of water withdrawal in 
the HKH (Table 8.3). Agriculture in the HKH varies 
according to altitude. Mountains, mid-hills, and plains 


(including foothills of the Himalayas) offer three distinct 
agricultural systems. In the high mountains, agriculture is 
dominated by livestock rearing and orchard cultivation, 
while in the mid-hills and the plains, cereal crops take 
precedence. In general, agriculture in the mountains and 
mid-hills tends to be rainfed, while that of the plains is 
mostly irrigated (Table 8.4, Fig. 8.8). 

8.3.1.1 Hill and Mountain Agricultural Water Use 

Most HKH countries maintain the centuries-old tradition of 
farmer-managed hill and mountain agriculture. While mostly 
rainfed, these farms are also irrigated seasonally through 
local streams, springs, and glacier and snowmelt. In the 
northern mountains of Pakistan (comprised of Gilgit, Balti- 
stan, Chitral, and Upper Dir), there are broadly two types of 
mountain irrigation systems—those sourced by snowmelt 
and those by streamflow or springwater (Vincent 1995). 
There is a large number of detailed and structured case 
studies of mountain agriculture from different parts of 
northern Pakistan, e.g. Hunza (Kreutzmann 2011; Parveen 
et al. 2015), Nanga Parbat (Niisser and Schmidt 2017) and 
Chitral (Niisser 2001), that document continuity and change 
in mountain agriculture and irrigation. All these studies 
underpin the critical role of mountain communities in 
managing their irrigation systems through framing and 
implementation of context-specific rules. 

Snowmelt, streamflow, and/or springwater are diverted 
through channels along the mountain slopes to the valley 
bottom where fruit, vegetable, and other crops are grown. 


Fig. 8.6 Freshwater withdrawals 
as proportion of total renewable 
water resources by country 
0 Source FAO 2016a, 
AQUASTAT http://www.fao.org/ 
nr/water/aquastat/water_res/ 
index, stm) 
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0 500 1,000 1,500 2,000 2,500 3,000 



Freshwater withdrawal (%) as proportion of total renewable water resources 

















272 


C. A. Scott et al. 


Table 8.3 Sector-wise water withdrawals in HKH countries 


Country; 

Year of data 
referenced 

Total water 
withdrawal 
(km 3 /year) 

Agricultural 

water 

withdrawal 

(km 3 /year) 

Municipal 

water 

withdrawal 

(km 3 /year) 

Industrial 

water 

withdrawal 

(km 3 /year) 

Surface 

water 

withdrawal 

(km 3 /year) 

Groundwater 

withdrawal 

(km 3 /year) 

Per capita 
water 

withdrawal per 

inhabitant 

(m 3 /year) 

Freshwater 
withdrawal as % 
of total renewable 

water resources 

Afghanistan; 

(1998) 

20.37 

20.00 

0.20 

0.17 

17.24 

3.042 

937 

31 

Bangladesh; 

(2008) 

35.87 

31.5 

3.6 

0.77 

7.39 

28.48 

247 

2.93 

Bhutan; 

(2008) 

0.338 

0.318 

0.017 

0.003 

0.338 

0 

482 

0.43 

China; 

(2005) 

554.1 

358.02 

67.53 

128.55 

452.7 

101.4 

414 

19.5 

India; (2010) 

647.5 

688 

56 

17 

396.5 

251 

630 

40 

Myanmar; 

(2000) 

33.23 

29.575 

3.323 

0.332 

30.240 

2.991 

739 

2.8 

Nepal; 

(2006) 

9.497 

9.32 

0.147 

0.0295 

8.444 b 

1.053 a 

359 

4.7 

Pakistan; 

(2008) 

183.421 

172.371 

9.650 

1.4000 

121.9 

61.6 

1,096 

74 


Source FAO (2016b) 

Government of Nepal 2016, Groundwater Resources Development Board, Ministry of Irrigation, (12 June 2016) retrieved from http://www. 
g wrdb. go v. np/hy drogeological_studies .php 

b Derived by subtracting groundwater withdrawals from total water withdrawals 


These irrigation systems are unique in that each water-source 
channel has its own command area, water users frame their 
own rules, and that these irrigation systems are maintained 
by active participation of water users with almost no gov¬ 
ernment involvement (Kreutzmann 2011). 

While irrigation is reliable during the spring and summer 
seasons, it is less so in winter due to reduced snowmelt. 
Cropping patterns are, therefore, adjusted accordingly. From 
sowing to harvesting, women are actively involved in vari¬ 
ous aspects of the agricultural practices in these areas (Ishaq 
and Farooq 2016). Although water distribution may or may 
not be equitable, customary rules of distribution and main¬ 
tenance are clearly laid out and followed by water users 
(Ostrom and Gardner 1993). In general, water utilization in 
these systems has remained well within the limits of avail¬ 
able water resources (Niisser 2001). There have been some 
modifications in social organization of water users and 
associated rules in response to changes in spatial patterns of 
irrigated mountain farming (Kreutzmann 2011; Thapa et al. 
2016). In Afghanistan and highland Balochistan, karezes are 
traditional irrigation systems wherein shallow tunnels tap 
underground aquifers and convey water to fields down¬ 
stream (Box 8.2). Another system of irrigation in the hill 
regions of western HKH is referred to as spate irrigation, in 
which flood water is harvested and managed for irrigation. 


Box 8.2 Glacier-fed irrigation systems in Hunza 
and Ladakh in Upper Indus; karezes and spate 
irrigation in Afghanistan and Pakistan 

In the Upper Hunza region of Pakistan (Kreutzmann 
2011; Parveen et al. 2015) and in the trans-Himalayan 
part of Ladakh in India, glacier melt and snowmelt is 
the only source of irrigation. Glacio-fluvial dynamics 
affect these irrigation practices, and local communities 
adapt to these changes in different ways. In Hopar 
village in the Karakorum Range in Pakistan, it is not 
the quantity or timing of meltwater discharge that 
affects irrigation decisions but other factors such as 
water quality, reliable access, and control of turbulent 
flow. In Ladakh, the irrigated area is shrinking—not 
necessarily as a direct consequence of changing 
hydrology or glacial melt, but because of changing 
livelihood strategies involving more off-farm 
employment (Butz 1989; Niisser et al. 2012). In 
recent years, late melting of glaciers due to high cli¬ 
matic snow line has made seasonal water scarcer. In 
response, communities have come together to create 
artificial glaciers on southern slopes, both as a strategy 
to cope with seasonal water scarcity and a long-term 
adaptation to climate change. Since these glaciers are 
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constructed at lower altitudes and on south-facing 
slopes, water starts melting from April, thereby 
affording a longer growing season for the cultivators 
(Niisser and Baghel 2016). 

In highland Balochistan and Afghanistan, karez 
irrigation has been the backbone of rural water man¬ 
agement and agriculture for more than two millennia. 
A karez is an underground aqueduct that passively 
taps groundwater in the piedmont of the arid and 
semi-arid highlands. The key physical advantages of 
the system are that it minimizes evaporative loss and 
delivers water from mountain aquifers to valley floor 
communities. Karezes require annual maintenance, 
and karez communities have developed strong social 
capital to enable provision of labor and resources for 
their upkeep. However, karezes have increasingly 
come under threat across Balochistan because of 
uncontrolled pumping with high-power electric water 
pumps. In Afghanistan, more than three decades of 
war has also taken a toll on the physical and social 
infrastructure of karezes. In the Mastung district in 
Balochistan, for example, prior to the 1980s there were 
365 karezes ; today there are no more than ten in 
operation. The drying up of karezes has numerous 
damaging consequences, including the breakdown of 
the rural social capital anchored in the karez infras¬ 
tructure. Despite a temporary increase in agricultural 
productivity due to availability of on-demand water, 
there is a long-term decline of agriculture and rural 
livelihoods due to groundwater depletion, as in the 
Quetta valley of Balochistan. This enhances power of 
the rural elites who own the electric pumps, which 
mine the groundwater and deprive hundreds of karez 
shareholders of their previously held water rights. 
These have significantly contributed to rural pauper¬ 
ization and rural-to-urban migration in the region. 
Furthermore, long-term questions about the sustain¬ 
ability of human life in the arid highlands remain to be 
addressed, as groundwater depletes from one valley to 
the next due to over-pumping. 

Spate irrigation is common in the drier parts of 
western HKH, especially in Balochistan province of 
Pakistan and in Afghanistan. Spate irrigation uses flood 
water generated from an upstream hill slope that is then 
stored as soil moisture or collected from ephemeral 
streams in adjacent low-lying valley bottom. This soil 
moisture is then channeled through rudimentary and 
locally constructed infrastructure in order to cultivate 
crops during dry months (Mehari et al. 2007). These 
systems are called “ sailaba ” in Balochistan (van 
Steenbergen 1997). It is estimated that roughly 1.45 
million hectares of land is under such seasonal flood 


irrigation (Khan 1987); yet these systems that cater to 
the poorest of the poor in the hills and mountains do not 
receive adequate attention. These systems, much like 
the other systems of hill and mountain irrigation 
described above, are managed by farming communities 
who have adjusted to inherent uncertainty of spate 
irrigation through rules and regulations that define 
access and norms for water sharing. Typically, local 
varieties like drought-resistant sorghum, millets, and 
wheat are cultivated, and yields are low. This, coupled 
with inherent uncertainty of occurrences and magni¬ 
tudes of floods, means that even this minimum yield is 
not assured every year. Cyclic outmigration of labor is, 
thus, quite common (van Steenbergen 1997). There are 
ongoing initiatives to “modernize” these systems, but 
such modernization efforts will not succeed unless 
traditional norms and practices are understood and 
incorporated in new designs. 

Nepal is also known for its centuries-old, 
farmer-managed irrigation systems (Box 8.3). About 70% of 
irrigation systems in Nepal are operated through 
farmer-managed irrigation systems (FMIS) (Pradhan 2000). 
Communities build water channels and weirs to divert water 
from spring-fed streams for growing paddy in monsoon 
season and, occasionally, one additional crop during the dry 
season. Intricate rules govern issues like water distribution, 
maintenance of infrastructure, and conflict resolution—and 
evidence shows that these systems have endured for cen¬ 
turies and adapted to changing circumstances (Thapa et al. 
2016). Similar spring- and stream-fed irrigation systems are 
also found in India’s western and central Himalayas (Baker 
2005). According to Mollinga (2009), the share of irrigated 
land served by FMISs in India has declined from 18.5% in 
1961 to 6.8% in 1991. Other studies have reported that 
irrigation efficiency is higher in FMISs than in 
state-managed irrigation systems in the central Indian 
Himalaya (Kumar et al. 2006). 

Box 8.3 Farmer-managed irrigation systems in 
Nepal 

Nepal has a long history of FMISs, in which farmers 
take sole responsibility for operating and maintaining 
their irrigation systems. In the absence of strong 
government intervention in the past, FMISs slowly 
developed through the collective efforts of farmers 
looking to irrigate their land. These FMISs provide 
irrigation services to about two-thirds of the country’s 
total irrigated area—a little more than 1.2 million 
hectares (Pradhan 2000). FMISs are characterized by 
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the use of low-cost technology appropriate for 
heterogeneous local conditions, autonomous 
decision-making suited to local contexts, and collec¬ 
tive action by farmers for the operation and mainte¬ 
nance of the irrigation systems (Yoder 1986; Ostrom 
and Benjamin 1993). 

While many FMISs have survived decades of 
changes to hydro-climatic, social, institutional, and 
policy conditions (such as, government support for 
operation, maintenance, and infrastructure, as well as 
registration in FMIS inventories), their performance is 
increasingly under stress (Janssen and Anderies 2013). 
Water availability for irrigation is affected by vari¬ 
ability in the intensity and timing of precipitation. 
Impacts include more flooding and erosion damage to 
irrigation intake points and canals and, during the dry 
season, less water available for irrigation and increased 
competition for it due to prolonged drought (Bastakoti 
et al. 2015). These challenges are further compounded 
by socio-economic and institutional changes. 

In FMIS, men have traditionally played a dominant 
role in the maintenance and operation of irrigation 
systems. But since men are migrating out of the 
countryside in large numbers and educated youth seem 
to have less interest in water management, an 
increasing number of women play a larger role in 
agriculture and water management, despite being 
unaccustomed to such tasks and often having limited 
experience. A recent study by Pokhrel (2014) con¬ 
sidered why some FMISs have survived and others 
have declined or disappeared. The results showed the 
importance of adaptability in institutions concerned 
with the use and management of shared resources. 
This adaptability was characterized by a perceived 
fairness and bounded flexibility of the institutions— 
and the survival of an FMIS was dependent on this 
capacity to adapt to both climate change and to 
changes in gender relations. 

In the northeastern Indian Himalaya and in the highlands 
of Bangladesh and Myanmar, farming systems are distinct 
from elsewhere in the HKH and shifting cultivation remains 
the preferred practice for the numerous ethnic groups in the 
region (Box 8.4). 

Box 8.4 Changing contours of shifting cultivation 
in North East India, Chittagong Hill tracts, and 
Myanmar 

There are not many studies on water availability and 
use in the eastern Himalaya, a region known to be 


abundant in water resources, feeding four major river 
systems in the HKH—the Brahmaputra, Ganges, 
Irrawaddy, and Salween. However, we do know that 
shifting cultivators in this region have for centuries 
used water resources on a sustainable basis, employing 
indigenous traditional knowledge and practices—such 
as the zabo farming system in Nagaland, the water 
management that sustains the rice and fish culture of 
Apatani tribes in Arunachal Pradesh, the bamboo 
drip-irrigation system of Meghalaya (Singh and Gupta 
2002), or the Jhiri system in Chittagong Hill Tracts 
(CHT) of Bangladesh. Risk-aversion attributes are 
inherent in shifting cultivation practices. Maintaining 
high crop diversity as practiced by shifting cultivators 
helps withstand weather stresses and, hence, reduce 
the risk of crop failure (Aryal and Choudhury 2015). 

In terms of agriculture, many shifting cultivators in 
the eastern Himalayas are converting to either settled 
agriculture or to growing more cash root crops on 
sloping lands. Cultivation on sloping lands without 
soil and water conservation measures has led to soil 
erosion and the degradation of ecosystem services. 
Rasul (2009) reported approximately 89-109 
tons/ha/year of soil loss from the cultivation of annual 
crops (mainly ginger, colocasia, and turmeric) on 
sloping lands when conventional hoeing tillage 
methods were applied. With mulching, soil erosion 
was reduced to about 35 tons/ha/year. In northeast 
India, the fallow-management practices of shifting 
cultivators through retention of selective multipurpose 
species, for example Alnus nepalensis , has long-term 
implications for the provisioning and regulating of 
ecosystem services like water security that accrue from 
them (Singh and Choudhury 2015). There are many 
good sustainable land and water management practices 
in the region—both traditional and new—but they 
have yet to be evaluated, documented, and shared. 

While the exact contours of mountain and hill irrigation 
systems may differ in terms of water sources, distribution, 
and management, there are certain aspects of agricultural 
water management that are consistent across the entire HKH. 
For example, indigenous systems of water management have 
developed effective methods for cooperating, sharing, and 
resolving disputes—and these local institutions have with¬ 
stood change and adapted accordingly. 

In the past two or three decades, there has been a con¬ 
traction in hill and mountain agriculture due to a number of 
factors—both climate and non-climate induced. For 
instance, in the upper reaches of the Indus, canal infras¬ 
tructure built for the intake of glacial melt has become 
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Fig. 8.7 Total water 
withdrawals and withdrawals by 
sector by country country (Source 
FAO 2016b, AQUASTAT http:// 
ww w .fao. org/nr/water/ aquastat/ 
water_use/index. stm) 
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dysfunctional due to glacial retreat in some regions and 
glacial surge in others. This necessitates the rebuilding of the 
entire infrastructure, which is both costly and 
labor-intensive, beyond the reach of many communities, and 
thus contributing to outmigration. Extreme weather events, 
such as flash floods, have created additional risks to irriga¬ 
tion infrastructure in these regions. Many FMIS in Nepal and 
India have also shrunk in size due to urbanization and pre¬ 
dominantly male out-migration. 

However, irrigation systems are being adapted to 
changes in various ways. New technologies are being used 
(including groundwater or surface-water pumps and 
greenhouses for vegetable-growing); new niche and 


high-value crops are being introduced (including vegeta¬ 
bles, coffee, and nuts). Due to male out-migration, women 
are increasingly managing these systems, but are yet to 
receive de-jure land and water rights. 

Increased out-migration also offers new opportunities. For 
example, in some instances, remittances are being used for 
improving agricultural water management—through invest¬ 
ment in vegetable greenhouses, drips, and sprinklers. How¬ 
ever, in other instances, entire farms are being abandoned and 
native vegetation is reclaiming previously cultivated terraces. 
Hill and mountain irrigation is in transition, and how this 
transition is handled will be cmcial to future water manage¬ 
ment and to the options for long-term livelihood. 
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Table 8.4 Rainfed and irrigated areas in the hills, mountains, and plains of the HKH 


Country 

Area under rainfed and 
irrigated agriculture in 
mountains and hills (ha) 

Area under rainfed and 
irrigated agriculture in 
plains (ha) 

Source (year of data) Year of data (Source) 

Rainfed 

area 

(% of total 

cultivated 

area) 

Irrigated 

area 

(% of total 

cultivated 

area) 

Rainfed 

area 

(% of total 

cultivated 

area) 

Irrigated 

area 

(% of total 

cultivated 

area) 

Afghanistan 3 

3,051,001 

(66.7%) 

1,522,585 

(33.3%) 

437,169 

(22.3%) 

1,526,216 

(77.7%) 

2001-02 (Maleta and Favre 2003) 

Bangladesh 13 

102,790 

(72.5%) 

38,850 

(27.5%) 

7,806,393 

(52.4%) 

7,086,052 

(47.6%) 

2012-13 (Bangladesh Bureau of Statistics 2015) 

Bhutan c 

50,000 

(66.7%) 

25,000 

(33.3%) 

NA 

NA 

2011 (ADB 2014) 

China d 

14,680,986 

(60%) 

9,842,614 

(40%) 

NA 

NA 

2012-13 (China Statistical Year Book 2015) for rainfed area and 
total cultivated area; 2005 (FAO AQUASTAT 2016c; Global Map 
of Irrigated Area) for irrigated area 

India 6 

3,216,186 

(73.7%) 

1,148,459 

(26.3%) 

12,450,814 

(31.2%) 

27,396,541 

(68.8%) 

2011-12 (Fand Use Statistics, Directorate of Economics and 
Statistics, GOI, 2016) 

Myanmar f 

NA 

116,075 

(NA) 

NA 

1,988,040 

(NA) 

2005, (FAO, AQUASTAT, 2016d, Global Map of Irrigated Area, 
FAO) 

Nepal g 

870,800 

(72.6%) 

328,700 

(27.4%) 

338,200 

(25.6%) 

984,800 

(74.4%) 

2011-12 (Government of Nepal 2012-13) 

Pakistan 11 

753,171 

(41.8%) 

1,034,994 

(57.4%) 

3,402,833 

(20%) 

13,801,888 

(80.0%) 

2010 (Government of Pakistan, Pakistan Agricultural Census 2010) 


a In Afghanistan, mountain area includes Badakshan, Central, Eastern, Southern, and Northern mountains; plains include Turkistan, Herat-Farah, 
and Helmand river valley 

b In Bangladesh, districts of Bandarban, Khagrachari, and Rangamati are classified as hills; the rest of Bangladesh is classified as plains. In table, 
gross cropped area has been subtracted from total irrigated area (sum total of irrigated area in different seasons) in order to derive rainfed or 
non-irrigated area 

c Bhutan is considered to be comprised of hills and mountains only 

d In China, Gansu, Qinghai, Sichuan, Tibet, Yunnan, and Xinjiang provinces are considered parts of the HKH 

e In India, the Indo-Gangetic states (Punjab, Haryana, Uttar Pradesh, Bihar, and West Bengal except the Darjeeling district) and Assam (excluding 
Karbi Anglong and North Cachar hills) are classified as plains. The states of Jammu and Kashmir, Himachal Pradesh, Uttarakhand, Meghalaya, 
Tripura, Manipur, Mizoram, Nagaland, Arunachal Pradesh, Darjeeling district of West Bengal, Karbi Anglong, and North Cachar hills of Assam 
are considered hills and mountains 

f In Myanmar, Chin, Kachin, and Shan provinces are classified as hills; the rest of the provinces are considered plains. Data on cultivated area in 
Myanmar’s hills and plains provinces are not available 

g In Nepal, all Terai districts are classified as plains; the rest of the country is classified as hills and mountains 

h In Pakistan, Khyber Pakhtunkhwa Province is classified as comprised of hills and mountains only; the other provinces (Punjab, Sindh, and 
Baluchistan) are classified as plains 
NA = Not available 


Rain-fed agriculture 
Irrigated agriculture 
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Fig. 8.8 Rainfed versus irrigated agricultural area in the mountains 
versus the plains. (Sources See Table 8.4) 


8.3.1.2 Agricultural Water Use in the Plains 
of HKH River Basins 

The extent and sources of irrigation vary; some areas like the 
Indo-Gangetic Plains in Pakistan, India, and Bangladesh are 
intensely irrigated, while those in the Nepal Terai are not. 
While most of these plains have canal infrastructure, ground- 
water has emerged as the main source of water for irrigation. 
The associated challenges of irrigation in the plains are: 

• over-extraction of groundwater compounded with ineffi¬ 
cient use of surface water in areas where water is already 
scarce (like the Indus and western Ganges); 
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• under-development of irrigation potential in areas of 

abundance (like the eastern Ganges, Terai in Nepal, and 

parts of eastern India); and 

• increased frequency and intensity of flood drought cycle. 

India is the largest user of agricultural groundwater in the 
world. It is estimated that there are over 20 million 
groundwater wells (GOI 2011), of which more than 95% are 
privately owned by smallholder farmers. These provide a 
range of livelihoods and productivity benefits to millions of 
smallholder farmers in India. However, within the overall 
groundwater story of the Gangetic plains in India, there are 
two distinct subplots. 

The first, and rather well known, is the story of ground- 
water overexploitation and its consequences. This is broadly 
the situation in states like Punjab, Haryana, and western 
Uttar Pradesh. These states have a number of things in 
common. They receive low to medium rainfall, averaging 
from 200 to 1000 mm per year. Even though they have 
alluvial aquifers, recharge is limited by the total amount of 
rainfall and is, therefore, inherently low. The majority (over 
70-80%) of all water extraction mechanisms are operated by 
electricity. Farmers get electricity either free of cost (Punjab) 
or at highly subsidized rates (Haryana, Uttar Pradesh). In all 
of these states, rural poverty is comparatively low and below 
the all-India average. Groundwater and electricity are major 
political issues in all of these states, and both remain at the 
center of vote bank politics. The discourse on overex¬ 
ploitation is fairly well known and documented (Janakarajan 
and Moench 2006; Moench 2007; Sarkar 2011). 

But there is a second, lesser-known subplot to this story 
—one in which groundwater development falls far short of 
potential groundwater reserves, even though rainfall and 
natural recharge is very high. In these areas, abundant 
groundwater resources coexist with high costs of ground- 
water extraction, restrictive access policies, and low agri¬ 
cultural growth rates. Here, most pumps run on expensive 
diesel or whenever farmers get electricity, for which they 
pay full cost (Shah 2007; Mukherji 2007). These scenarios 
can be observed in places where rural poverty rates are much 
higher than the national average and crop productivity is low 
—more or less all across the eastern Indo-Gangetic belt in 
India, namely, West Bengal, Bihar, Orissa, and Assam. 
Much of the eastern Nepal Terai is also part of this story of 
underdeveloped groundwater resources. However, in some 
of these parts of eastern HKH, there is a high occurrence of 
geogenic arsenic and irrigating with arsenic rich water for a 
sustained period poses the risk of entry of arsenic in the food 
chain (Box 8.7). 

Therefore, agricultural water management in the plains of 
the HKH requires different policies for regions where water 
resources are under stress and those where water resources 


are abundant. In the former, demand-management measures 
are required; in the latter, larger investments are necessary to 
tap untapped water resources for future agricultural growth. 

8.3.2 Water for Energy 

Unlike water used for agriculture, domestic needs, and in 
urban sectors, use of water for energy production in not 
consumptive in nature. However, hydropower projects, 
including the run of the river projects, which are thought to 
be the most benign in terms of environmental impacts, can 
lead to extensive changes in river flow regimes, including 
timing and seasonality of flow. They can also lead to 
changes in biodiversity (Grumbine and Pandit 2013) and 
create conflicts with pre-existing systems of water use, 
including irrigation (Erlewein 2013). The HKH has a total of 
500 gigawatts (GW) of hydropower potential, of which only 
a small fraction is actually developed (Table 8.5). Figure 8.9 
shows these data by country. 

The hydropower sector in the HKH suffers from the twin 
challenges of societal pressure and climate change. The sector 
faces major challenges due glacial melt induced by climate 
change. Glaciers across the region, except in the Karakoram 
(Bolch et al. 2017), are retreating, leading to changes in future 
hydrological regimes. At the same time, risk of glacial lake 
outburst floods (GLOFs) and landslides are increasing, put¬ 
ting both existing and planned hydropower plants at risk. 
Nearly as important as climate-related risks are the societal 
risks of alienating local people in areas where hydropower 
projects are constructed. These projects are mostly developed 
in mountain areas, and mountain people fear, and often rightly 
so, that even as they bear the environmental and social costs 
of hydropower, the benefits will go to the people in the plains 
who get electricity (Bandyopadhyay 2002). As a conse¬ 
quence, most hydropower projects have seen widespread 
protests from the local mountain communities, especially in 
India where mechanisms of sharing benefits have not been 
implemented adequately (Diduck et al. 2013). For managing 
this risk, governments and hydropower companies need to 
provide direct and tangible benefits to the local mountain 
communities. 

After a hiatus of more than two decades, hydropower is 
back on the investment agenda of international financial 
institutions (Baghel and Niisser 2010). Hydropower invest¬ 
ments are also being financed through Clean Development 
Mechanism (CDM) in parts of India and China, even though 
it is not entirely clear that large hydropower dams do indeed 
meet the goals of CDM (Erlewein and Niisser 2011). New 
norms for environmental sustainability and benefit sharing 
with local communities are being developed with the hope 
that hydropower projects will be better built than in the past 
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Table 8.5 Hydropower potential in eight HKH countries 


Country (1) 

Hydropower potential 
(Mega Watt, MW) (2) 

Actual hydropower 
developed (MW) (3) 

Actual generation 
in GWh (4) 

Year (Source of data) (5) 

Afghanistan 

25,000 

1,000 

868.6 

2006 (Government of Afghanistan, Ministry 
of Energy and Water 2006) 

Bangladesh 

1,897 

230 

590.1 

2014 (Bangladesh Power Development 

Board 2014) 

Bhutan 

24,000 

1,615 

7,748 

2015 (International Hydropower 

Association website, 2015) 

China 

370,000 

319,370 

1,128,027 

2015 (International Hydropower 

Association website, 2015) 

India (all) 

148,701 

42,848 

121,894 

Central Electricity Authority (CEA) as of 
30th June 2016 


Indian Himalayan States 


Assam 

680 

430 

1,011 

CEA (2016) 

Arunachal 

Pradesh 

50,328 

98 

366 

CEA (2016) 

Himachal 

Pradesh 

18,820 

1,495 

9,451.1 

CEA (2016) 

Jammu and 
Kashmir 

14,146 

2,274.4 

4,798.7 

CEA (2016) 

Meghalaya 

2,394 

356.6 

257 

CEA (2016) 

Mizoram 

2,196 

34 

NA 

CEA (2016) 

Manipur 

1,784 

82 

30 

CEA( 2016) 

Nagaland 

1,574 

53 

10 

CEA (2016) 

Sikkim 

NA 

270 

910 

CEA (2016) 

Uttarakhand 

25,000 

3,756 

NA 

CEA (2016) 

Tripura 

NA 

62 

1,025 

CEA (2016) 

West 

Bengal 

NA 

1,328 

1,199 

CEA (2016) 

Nepal 

43,000 

753 

3,496 

2015 (International Hydropower 

Association website 2015) 

Myanmar 

100,000 

3,151 (2015) 

9,502 

2015 (International Hydropower 

Association website 2015) 

Pakistan 

50,000 

6,902 

33,946.5 

WAPDA Annual Report 2013-14 


Sources For Col (2) and (3), as mentioned in the last Col (5), for Col (4), United Nations Statistics Division for 2015, available online at https:// 
unstats.un.org/unsd/energy/yearbook/2015/t32.pdf 


(Box 8.5). For instance, Nepal has developed multiple 
mechanisms for sharing benefits with local communities. 
These include, among others implementations, a formal 
mechanism of royalty sharing and a unique Nepali 
home-grown solution of giving hydropower equity shares to 
local affected local populations (Shrestha et al. 2016). In 
India, on the other hand, several policies have institution¬ 
alized mechanisms of benefit sharing, but lack of imple¬ 
mentation means that local communities often protest 


against these projects. Overall, hydropower can be a win-win 
development for the concerned region, provided that its 
negative externalities are managed. One particular area of 
concern is the irrigation-hydropower tradeoff. Not much is 
known about the extent to which farmer-managed irrigation 
systems are affected by hydropower projects, but there is 
some evidence that with proper planning and local partici¬ 
pation, hydropower projects can offset some of the tradeoffs 
and provide additional irrigation benefits to local people. 
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Fig. 8.9 Total hydropower potential and developed hydropower as a percentage of total by country (Sources See Table 8.5) 


Box 8.5 Water-related benefit sharing in hydro- 
power projects: examples from Nepal 

Hydropower development leads to short-term and 
long-term changes in the hydrology of project-affected 
areas and often impinges on formal and informal water 
rights of local populations. Hydropower projects are 
required to mitigate losses to the local people or 
compensate for losses related to the reduction of flow 
in project-affected areas, which are either partially or 
completely dewatered. 

In order to create benefits, hydropower developers 
invest in improving irrigation systems or fisheries and 
providing access to drinking water. Several hydro- 
power projects support local farmers in the construc¬ 
tion of check dams and irrigation canals and, in some 
cases, also support the regular maintenance of these 
facilities. Among these cases, Ridi and Aadhi Khola 
hydropower projects have been exemplary in showing 
how small hydropower projects can meet the energy 
and food-security demands of project-affected com¬ 
munities. The Kali Gandaki-A project recognized local 
fishing rights of the Bote indigenous fishing commu¬ 
nity, trained the community in new fishing technology, 
and provided access to government hatchery services. 
Many hydropower projects have provided drinking 
water to project-affected citizens as a benefit. 


Water-supply lines provided by hydropower projects 
bring clean, reliable water closer to households, 
reducing the time needed to fetch it from distant 
sources—a change that has been especially beneficial 
to women. 


8.3.3 Water for Drinking and Sanitation 

The Millennium Development Goals (MDGs) set the target 
of reducing by half the proportion of people without access 
to safe drinking water and basic sanitation by 2015. As seen 
in Table 8.6 and Fig. 8.10, most countries of the HKH have 
performed moderately well in terms of improving access to 
drinking water but have substantially lagged behind in 
achieving safe sanitation goals. 

In 2015, the global community adopted the SDGs. Unlike 
the prior Millennium Development Goals (MDGs), which 
addressed water only in terms of water for sanitation and 
health, the SDG water-related goals are more comprehen¬ 
sive. Goal 6 focuses on water exclusively. Universal access 
to drinking water and sanitation correctly remain central, 
with even more focus needed on quality of service as 
opposed to just quantitative aspects. At the same time, 
other considerations are also important—water quality, 
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Table 8.6 Drinking water and sanitation access in HKH countries 


Country 

Sanitation access 
total population) 

(% of 

Drinking water access 
(% of total population) 


Total 

Urban 

Rural 

Total 

Urban 

Rural 

Afghanistan 

37 

60 

30 

50 

78 

42 

Bangladesh 

NA* 

57 

55 

80 

85 

78 

Bhutan 

65 

87 

54 

92 

99 

88 

China 

NA* 

58 

52 

89 

98 

82 

India 

31 

54 

21 

88 

96 

84 

Myanmar 

81 

86 

79 

71 

75 

69 

Nepal 

62 

NA* 

NA* 

88 

93 

87 

Pakistan 

91 

NA* 

NA* 

48 

NA* 

NA* 


NA not available 

Source FAO (2011); WHO/UN-Water (2014) 


wastewater management and reuse, transboundary coopera¬ 
tion, ecosystem services, and capacity building. 

Burgeoning urban populations in the HKH will exert 
further stress on already overstretched urban services. As a 
result, standard solutions such as providing piped water and 
building more toilets will add only marginal benefits, unless 
the realities specific to mountain water resources are taken 
into account. For instance, tapping mountain springs will 
become increasingly difficult, given the widespread anec¬ 
dotal as well as new emerging knowledge that documents 
drying up of springs (Poudel and Duex 2017; Kumar and 
Sen 2017a, b). New investments will be necessary for spring 
revival. ICIMOD and its partners have come up with a 
comprehensive 8-step methodology for the revival of 
mountain springs, and it is being tested in few sites in Nepal 
(Shrestha et al. 2017). This is important because springs are 
the only source of reliable water supply for large number of 
mountain communities and they do not get the attention they 
deserve. Most importantly, communities must be involved 
and have decision-making authority at all stages of water and 
sanitation services—from planning and construction to 
maintenance and management. However, it is important to 
keep in mind that community itself is a heterogeneous entity, 
and some members are subject to discrimination due their 
gender, caste or ethnicity. A study by Coffey et al. (2015) 
shows that the problem of open defecation in plains of India 
is deeply related to caste prejudices, whereas in parts of 
India where caste system is not prevalent (e.g. northeastern 
states), level of sanitation is much higher than the rest of 
India (Ghosh and Caimcross 2014). 


8.3.4 Urban Water 

Following the global trend, all countries in the HKH are 
urbanizing rapidly. This means, existing urban centers will 
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Fig. 8.10 Access to water for sanitation and drinking by country 
(Source FAO 2011; WHO/UN-Water 2014) 


expand and new urban centers will emerge. Trends of 
urbanization are somewhat different in each of the HKH 
countries. In the Pakistan portion of the HKH, the rate of 
urbanization has been low due to the constraints placed by 
the terrain and lack of economic opportunities. The urban 
population in the northern region of Pakistan is less than 
20 %. 

In the Indian Himalayas, the rate of urbanization has been 
low in the higher altitudes, but it has been more rapid in the 
foothills (also called the Siwaliks). In western Indian 
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Table 8.7 Gap between municipal water supply and demand in selected cities of the HKH countries of Nepal, India, Bhutan, and Afghanistan 


City, country 

Average 
elevation (masl) 

Population (year) 

Supply (million 
liters per day 
MLD) 

Demand 

(MLD) 

Demand met (%) 

Year of available water 
supply/demand data 

Wet 

season 

Dry 

season 

Wet 

season 

Dry 

season 

Kathmandu, 

Nepal 

1350 

2,510,000 (2012) 

105 

86 

280 

37.5 

30.7 

2012 

Pokhara, Nepal 

884 

300,000 (2012) 

24 

21 

45 

53.3 

46.7 

2014 

Darjeeling, India 

2045 

132,016 (2011) 

8.3 

2.3 

8.6 

96.5 

26.7 

2002 

Mussoorie, India 

2005 

30,118 (2011) 

7.67 

14.4 

53.3 

2014 

Shimla, India 

2205 

171,817 (2011) 

54.5 

64.7 

84.2 

2012 

Thimphu, Bhutan 

2320 

79,185 (2005) 

NA* 

9.9 

NA* 

2006 

Kabul, 

Afganisthan 

1791 

3,476,000 (2013) 

52.14 

NA* 

NA* 

2013 


NA not available. Source City population data from National Population Censuses of respective countries, while municipal water supply and 
demand statistics have been compiled from various newspaper reports reliable because formal data from municipalities and/or countries/states are 
not available in the public domain. Darjeeling: TOI (2014); Mussoorie: Pioneer (2013); Shimla: TOI (2013); Thimpu: The Bhutanese (2014); 
Kabul: The Guardian (2010); Kathmandu and Pokhara: Republica (2014). For Shimla and Mussorie, supply and demand data is aggregated across 
seasons 


Himalaya, Srinagar is the largest urban center, while in the 
eastern Himalaya, the urban centers of Gangtok, Kalimpong, 
and Darjeeling have been growing at a very rapid pace. 
Nepal remains one of the least urbanized countries in South 
Asia—and also in the world. There are considerable prob¬ 
lems in terms of definition in the study of Nepal’s urban¬ 
ization, since the areas designated “urban” have been defined 
and redefined over the years with evident lack of consis¬ 
tency. In Nepal, Kathmandu is by far the largest urban 
agglomeration. 

Bangladesh occupies a very small section of the Hima¬ 
layas, represented by the Chittagong Hill Tracts (CHT). In 
these areas, tourism has flourished and led to the growth of a 
few small urban centers, namely Rangamati, Bandarban, and 
Khagrachari. Much of the urbanization in the region has 
been unplanned and haphazard, leading to serious problems 
related to water and sanitation. 

The fact that mountain towns and cities are also tourist 
destinations amounts to additional pressure on water 
resources, and the water needs of the local population often 
are not met in pursuit of serving the water requirements of 
tourists. This sometimes leads to social conflicts. Table 8.7 
shows that almost no major city in the region is 
self-sufficient in terms of municipal water supply. 

Almost all urban centers suffer from water shortage. 
Many of these urban centres are hill stations set up by the 
colonial British government on ridgetops, while water 
sources are deep down in the valleys. Compounding the 
problem of water shortage are issues such as neglect of 
traditional water systems like stone spouts and springs 
(Molden et al. 2016; Colopy 2012), outdated and poorly 
constructed water distribution systems that get superimposed 


on traditional water systems, pipe leakages, and poor gov¬ 
ernance that puts primacy on piped water supply over other 
time tested and sustainable sources. Different cities have 
adopted different coping mechanisms. In Kathmandu and 
Darjeeling, private water tankers provide water to millions of 
residents, while in Bhutan, water supply is rationed and 
people are encouraged to manage their own demand 
accordingly. In Kathmandu, wastewater generated by city 
sewage is used to irrigate vegetable crops in peri-urban parts 
of the valley (Box 8.6). 

Water shortages in the urban centers of HKH affect men, 
women, and marginalized communities differently. In 
Kathmandu Valley, the poor who live in marginal areas 
within the city, especially in the peri-urban areas outside the 
municipal water supply limits, pay a higher price for buying 
water from informal sources (Raina 2016). The same is true 
for residents who rent accommodation even in core city 
centre—they often do not have guaranteed rights to use the 
municipal connection, which is reserved for the house 
owner, and end up paying more than double for water 
(Molden et al. 2016). At the same time, in many Himalayan 
towns like Kathmandu, urban water security is also closely 
linked with cultural practice. For example, stone spouts 
which originate in springs, are seen as a form “of cultural 
resilience, where people interact with water infrastructure in 
ways that extend beyond utilitarian concerns” (Molden et al. 
2016). This is true for many other urban centres in the 
Himalayas where traditional water supply systems embed¬ 
ded in local cultural beliefs have been neglected in favor of 
western patterns of piped water supply. Long term sustain¬ 
ability in urban water in the HKH will require a strategic 
management of government-sponsored, “modem” piped 
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water systems along with preservation of traditional water 
systems, particularly in ways that are mindful of gender and 
class differences in water access, provisioning, and security. 

Box 8.6 Wastewater use in Kathmandu Valley 

In 2011, Kathmandu had a population of 2.51 million 
and it has been growing at a rate of 6.6% per year—the 
fastest urban growth in all of Nepal. It is estimated that 
a total of 93 million litres per day (MLD) of 
wastewater is generated from the domestic sector and 
another 6.5 MLD from the industrial sector. These 
numbers are growing by the day, but wastewater 
management facilities have not expanded commensu- 
rately. Of the total wastewater generated in the valley, 
less than 50% is actually collected and treated; the rest 
is disposed of directly into the rivers. 

Wastewater is used extensively for irrigation in the 
urban and peri-urban parts of the valley. At least one 
third of the cultivated area in the Valley is irrigated 
using wastewater, and almost two thirds of this 
wastewater is used directly in the fields without any 
kind of treatment (Bastakoti et al. 2014). A majority of 
the farmers reported using wastewater because there is 
no source of freshwater for irrigation and also because 
accessing this wastewater, often used illegally, is free 
of cost, unlike groundwater, which requires invest¬ 
ment in tube wells and diesel pumps. This wastewater 
also happens to be nutrient-rich, and therefore reduces 
fertilizer costs. Farmers using this water for irrigation 
often complain of health issues, such as skin infec¬ 
tions, and the indirect health impacts of these pollu¬ 
tants through the consumption of these vegetables and 
other crops are not trivial. 

While it is recognized that negative health and 
environment impacts of waste use are significant, it is 
unlikely that policies or infrastructure to deal with the 
use of wastewater in agriculture will be developed 
anytime soon. In this context, it is important to also 
understand the positive contribution of wastewater to 
the Valley’s agricultural economy, while framing 
adequate policies and institutions to manage the health 
risks of untreated-wastewater use. 


8.3.5 Water Quality: Major Biological 

and Chemical Contaminants Linked 
to Urbanization 

Due to unsustainable urbanization, industrialization, water 
abstraction, and agricultural intensification, deterioration of 
water quality is increasingly becoming a recognized concern 


in many parts of the HKH (Merz et al. 2003; Mateo-Sagasta 
and Tare 2016). Water quality degradation has significant 
impacts on human health and ecosystems and is limiting 
regional development (Mateo-Sagasta and Tare 2016). 
Approximately 20% of all deaths among children under five 
years of age is caused by water-borne diseases (WHO 2006). 
The water quality challenges are not homogeneous along the 
river systems and vary between upstream segments in the 
mountain regions and further downstream segments in the 
hills and plains (IITC 2010). In the upper segments, the 
rivers and streams flow on steep and narrow rocky beds, 
carry cold water, and are subjected to much less anthro¬ 
pogenic pollution. But they also have highly sensitive 
ecosystems and biodiversity. The lower segments of the 
river systems, on the other hand, are greatly modified by 
human interventions in terms of water diversion/abstraction, 
and they are subjected to a high degree of pollutant loads 
(IITC 2010; Shah and Shah 2013). 

There are no comprehensive studies addressing water 
quality for the HKH as a whole. However, there have been 
some studies comparing two or three countries, including the 
study by Kam and Harada (2001), which looked at 
surface-water pollution in Kathmandu (Nepal), Delhi (India), 
and Dhaka (Bangladesh). This study revealed widespread 
pollution of water resources in all three cities through the 
presence of organic and pathogenic contaminants, heavy 
metals, and pesticides (Kam and Harada 2001). For exam¬ 
ple, in a 13 km stretch in the Bagmati River in the Kath¬ 
mandu Valley, biochemical oxygen demand 
(BOD) increased from 3.8 to 30 mg/L moving downstream 
during 1992-1995. Similarly, BOD in the Yamuna River in 
Delhi, showed an increase from 1.3 to 17 mg/L in the 
downstream area (Kam and Harada 2001). Similar situations 
were found in all of the rivers close to Dhaka (Turag, 
Buriganga, and Dhaleswori). 

Studies have estimated that municipal sewage contributed 
nearly 85% of all river pollution. This was due to two major 
factors: first, the unrestricted discharge of raw or partially 
treated wastewater (of both domestic and industrial origin); 
and second, the lack of adequate regulatory pollution-control 
measures and their strict enforcement in real practice (Kam 
and Harada 2001). The main Ganges stream in India still 
directly receives at least 2.7 billion m 3 of sewage from 
medium and big cities every day, of which at least 74% is 
untreated (Mateo-Sagasta and Tare 2016). Additionally, the 
number of towns and cities that discharge their untreated 
wastewater to the tributaries of Ganges, and not only to the 
main stream, is substantially bigger. The Indian Central 
Pollution Control Board (CPCB) has identified 138 drains 
discharging 6 billion liters per day of polluted water into the 
Ganges (CPCB 2013; Mateo-Sagasta and Tare 2016). 

Another issue is the lack of septage management systems. 
While there is growing interest in septage management, 



8 Water in the Hindu Kush Himalaya 


283 


adequate treatment of septage does not currently exist in the 
region. Dumping of domestic solid wastes—including 
plastics, glass, and organic waste—also alfects the river 
water quality. The collection capacity of municipal solid 
waste is limited and the treatment capacity is almost nil 
(Mateo-Sagasta and Tare 2016). 

Industries contributed 14-17% of this river pollution, 
with pollutants coming from power plants, food-processing, 
breweries and distilleries, tanneries, as well as the industrial 
production of fertilizer, insecticides, textiles, carpets, veg¬ 
etable oil, dairy, pharmaceuticals, and other chemicals (Kam 
and Harada 2001). The findings of another study suggested 
that the countries of the Ganges-Brahmaputra-Meghna River 
Basin are increasing their industrial activities, with approx¬ 
imately 70% of 300-500 million tons of heavy metals, sol¬ 
vents, toxic sludge, and other wastes being discharged 
untreated into the waterways (Babel and Wahid 2009). 

The contribution of non-point source pollution 
(NPS) from agricultural areas in the HKH region has so far 
not been documented. Thus, the extent of their contribution 
to the pollution load is unclear. There are no regionwide 
comprehensive assessments of non-point source pollution 
from agriculture. There are some studies which claim that 
agrochemicals are a key polluter in the rivers (e.g., Gosh, 
ND), and there are others that believe that it is not a sig¬ 
nificant source of pollution (e.g., Trivedi 2010). Neverthe¬ 
less, the observed trends in terms of expansion and 
intensification of the agricultural sector—including the sharp 
increase in fertilizer and pesticides use, and the booming 
development of livestock farms—point to an increasing 
trend in NPS contribution to degrading water quality 
(Mateo-Sagasta and Taare 2016). 

In terms of groundwater pollution, the urban areas of 
Kathmandu mostly suffer from infiltration of urban storm 
water, leakage of wastewaters and septic tanks, and unreg¬ 
ulated industrial activities. These wastewaters and 
septic-system effluent contain high concentrations of dis¬ 
solved organic carbon, ammonia, pathogens, and organic 
micro-pollutants, as well as heavy metals and trace elements 
(Pant 2011). The presence of heavy metals in groundwater in 
the Swat River was found to vary along different stretches 
and was attributed to geology, corrosion of plumbing sys¬ 
tems, and agricultural and industrial activities (Khan et al. 
2013). In this study, the concentration of heavy metals in the 
groundwater was higher than in surface waters (Khan et al. 
2013). 

Some studies have also looked at biological pollutants. In 
groundwater in Kathmandu, maximum coliforms were found 
in the samples from shallow wells at 267 CFU/100 mL, 
while the levels in tube and deep-tube wells were 129 and 
149 CFU/100 mL respectively. The coliforms detected in 
shallow wells may be due to poor drainage, the improper 
construction of septic tanks close to groundwater sources, 


and the direct discharge of untreated sewage into surface 
waters (Pant 2011)— all of which further reflect the lack of 
planning and investment in the region’s water infrastructure. 
Similar results were reported from Rawalpindi, in Pakistan, 
where Sehar et al. (2011) found municipal water containing 
fecal coliforms due to leakage of sewage into water supply 
pipelines. In Srinagar, in India, significant land use changes 
since the early 1980s have led to pollution of the freshwater 
Dal Lake, due the discharge of various nutrients and pollu¬ 
tants (Amin et al. 2014). 

In some parts of the HKH, such as Afghanistan, infras¬ 
tructure has been damaged or destroyed by years of war. 
Only 27% of Afghanistan’s population has access to 
improved water sources, and only 20% have access in rural 
areas—marking the lowest percentage in the world. While 
the number of households in urban areas with access to 
municipal water is growing (35% in the capital city, Kabul), 
the system for solid-waste collection is limited, with about 
70% of the city’s solid waste accumulating on roadsides and 
in drains, rivers, and open spaces—where they pose a sig¬ 
nificant environmental hazard. In addition, most sewage is 
disposed of in domestic drainage pits and shallow, open 
sewage channels that run along the streets, thereby threat¬ 
ening shallow aquifers with pollution from biological and 
chemical contaminants. A study on heavy metal and 
microbial loads in sewage-irrigated vegetables in Kabul 
revealed lead loads and pathogenic contamination higher 
than the threshold levels (Safi and Buerkert 2011). Consid¬ 
ering the high incidences of intestinal diseases and diarrhea, 
Safi and Buerkert (2011) recommended further detailed 
surveys and improvements to Kabul’s sewage infrastructure 
to eliminate potential health risks. 

Box 8.7 Arsenic in groundwater and its implica¬ 
tions for agriculture 

Arsenic in groundwater is a significant threat in the 
lower parts of the Ganges, Brahmaputra, and Mekong 
basins. In recent years, a growing body of literature 
has emerged that examines the impact of irrigation 
with arsenic-rich water on crop production and pro¬ 
ductivity and looks at the effectiveness of arsenic 
remediation in agricultural context. A systematic 
review of 29 high-quality studies (Senanayake and 
Mukherji 2014) showed no clear relationship between 
arsenic content in irrigation water—or in soil with 
arsenic uptake by paddy grains—and crop production. 
However, there is a near consensus that prolonged 
cultivation with arsenic-rich water leads to decline in 
paddy productivity. 

The review of literature also shows that there are six 
broad categories of intervention that can reduce arsenic 
uptake by crops or prevent its entry into the human food 
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chain. These are: deficit irrigation, soil fertilization, 
growing alternative field crops (other than paddy), 
switching to arsenic-tolerant paddy cultivars, reducing 
arsenic content in rice through cooking methods, and 
nutritional supplements. Results from these studies 
show that all of these interventions are successful in 
preventing excessive arsenic from entering the human 
food chain, but these practices have yet to be incorpo¬ 
rated into mainstream extension activities. 


8.3.6 Water Infrastructure 

Water storage infrastructure and enhanced management of 
excess monsoon water would help HKH countries to better 
meet water requirements during the dry season and to also 
cope with water scarcity issues. Traditionally, mountain 
people have found ways to store water by building ponds, 
terracing fields, harvesting rainwater, and employing 
small-scale irrigation systems (Molden et al. 2014). Water is 
also often diverted from mountain springs, which are fed by 
groundwater and therefore a more reliable source during dry 
seasons. These methods are still practiced throughout much 
of the HKH middle hills. However, with increasing demand 
for agricultural and energy production, the demand for better 
and larger infrastructure is also increasing. 

This has led to construction of various irrigation structures 
in the region. In Pakistan, two large storage dams situated in 
the upper Indus basin, Tarbela dam on the Indus, and Mangla 
dam on the Jhelum now regulate the irrigation system that 
millions of people downstream rely on. In India alone, there 
are 4858 completed large dams (and 313 are under con¬ 
struction, of which nearly 100 are located in the mountainous 
states) (CWC 2014). Most of the rivers in Nepal have little 
storage compared to the monsoon run-off in the rivers 
(Bandyopadhyay 2009). Feasibility studies for many large 
multi-purpose projects with storage have been proposed, but 
development has been slow, mainly due to lack of common 
interest and agreement between Nepal and India. 

Even in countries like China, India and Pakistan, storage 
is still quite low, despite the development of extensive irri¬ 
gation infrastructures. For example, the current storage 
capacity in the Ganges in large infrastructure is only 10% of 
total average annual flow. In Nepal, FMIS have, for cen¬ 
turies, been developed and managed by local farmers 
themselves. Extensive embankment infrastructure has also 
been built on riverbanks to control floods during the rainy 
season. In India, about 34,000 km of flood embankments 
have been constructed, largely in North and Northeast India 
(Mazumder 2011). 


Water-related infrastructure can intensify 
upstream-downstream linkages, providing benefits and risks 
to both areas. Structures like dams and reservoirs can store 
water during flood periods, which can: (a) be available 
during the dry season through open channels or pipelines for 
irrigation and other consumptive, recreational, or environ¬ 
mental uses for ecosystem services; (b) produce electricity; 
and (c) improve navigation. However, these structures come 
at a high cost to local communities displaced by them as they 
are forced to relocate and adjust to shifting resources and 
cultures. 

Dams and reservoirs can also be problematic as they can 
block and store sediment that is transported in river flow. 
Fine silt and eroded materials are considered beneficial to 
plains farming; therefore, the blockage of sediment in natural 
flow can affect agriculture production. Singh (1990) has 
evaluated the Farakka barrage, determining that it has neg¬ 
atively affected the downstream region of Bangladesh by 
reducing silt flow, thereby reducing soil fertility, and by 
increasing the ingress of saltwater up the river. The 
Brahmaputra leaves behind immense sand deposits in Dhe- 
maji and Lakhimpur districts of Assam, while the Koshi 
floods in 2008 rendered a large area of fertile lands infertile 
due to sand deposition. Silt transport in rivers also leads to 
filling up and reduction of the storage capacity of reservoirs, 
lakes, and ponds as well as the carrying capacity of canals. 
The Teesta Barrage in Bangladesh had a provision of a 
silting tank in the main canal system in order to stop the 
entry of silt into canals and therefore to the agriculture fields. 

In the Indus River Basin, downstream discharge to the sea 
has decreased significantly due to construction of vast net¬ 
works of irrigation canals, barrages, and associated struc¬ 
tures. Laghari et al. (2015) estimated that these 
anthropogenic changes have resulted in five times less sed¬ 
iment in downstream areas. Tahmiscioglu and Anul (2007) 
highlighted that dam construction and the resulting holding 
of sediment can lead to changes in the natural water regime, 
including the composition of soil nutrients downstream. 

In Nepal, excessive river sediment has affected most of 
the power plants in the Himalayas through build-up in 
reservoirs or by erosion of turbine components, reducing the 
life of the plants. Al-Faraj and Scholz (2014) highlighted 
that human-made structures, such as dams and large-scale 
water systems also decrease water availability in down¬ 
stream areas of transboundary river basins. 

Water storage infrastructure can also include natural 
structures such as lakes, ponds, groundwater, and soil 
moisture. Managing natural storage systems are more cost 
effective and sustainable. Management and enhancement of 
natural storage systems still need to be explored and if 
possible, included with the feasibility studies on built 
infrastructure projects such as large dams. 
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8.3.7 Ecosystem Processes and Environmental 
Flows 

With the growing degree of human intervention in the rivers 
of the HKH, concerns have emerged over the future of the 
aquatic ecosystems in the HKH and continuation of the 
related ecosystem processes (as has been detailed in Chap. 6). 
Increasing energy and water demands from the domestic, 
agricultural, industrial, and commercial sectors are leading to 
plans for greater exploitation of these rivers. 

There are considerable, though poorly understood, 
implications of climate change on increasing 
monsoon-season flows and decreasing dry-season flows— 
particularly coupled with various anthropogenic interven¬ 
tions. The term “environmental flows” (EFs) is now com¬ 
monly used to refer to a managed flow regime designed to 
maintain a river in some agreed-upon, non-pristine ecolog¬ 
ical condition as to make room for the human interventions. 
Each component of the natural hydrological regime has a 
certain ecological role to perform. In regulated basins, the 
magnitude, timing, frequency, and duration of some or all 
flow components can end up getting modified. A tradeoff has 
to be arrived at through negotiations among all stakeholders 
in order to identify the instream flow regime that would 
support the aquatic ecosystem processes and services in a 
sub-pristine state. The suite of acceptable flow patterns can 
ensure a flow regime capable of sustaining target aquatic 
ecosystem processes and services in a sub-pristine state (Poff 
et al. 1997; Arthington et al. 2006). EFs can therefore be 
seen as a way to balance human interventions and the 
maintenance of river ecology at acceptable levels of 
degradation. 

The knowledge base for operationalizing EF practice is 
not yet well established in any of the HKH countries, but it is 
emerging. There has been a particularly significant increase 
in interest on the matter in China and India (Bandyopadhyay 
2017). In the last decade, India has taken a rather mechanical 
—and not empirically tested—approach for the assessment 
of EFs, and the government is trying to implement an EF 
plan under the Ganges rejuvenation program. However, 
demand for a scientifically tested approach for arriving at an 
acceptable balance between interventions and EFs is grow¬ 
ing. In Nepal, Bhutan, Pakistan, and Bangladesh, EF is 
beginning to enter discussions on river basin governance. 
With limited water resource development and with most 
infrastructure development still in the planning phase 
(especially in the upper mountain regions), there is still a 
chance to set up measurement of EF requirements for 
ecosystem processes and put appropriate policies in place 
before these rivers are seriously degraded. 

Despite the extensive study of environmental water 
allocations in countries such as the UK, Australia, USA, and 


South Africa, arriving at managed flow regimes acceptable 
to all stakeholders in the basin continues to be elusive. In 
India, the Krishna Water Disputes Tribunal in 2010 had 
considered the delicate and much awaited issue of EF in a 
river and implemented it in the Krishna River and its basin 
area. It awarded separate waters to the river itself in its 
different reaches, making it incumbent upon the concerned 
states to make available and maintain the recommended 
quantities of water in-stream round the year as prescribed by 
the Tribunal (MoWR 2010). For that purpose, it replaced the 
EF with Minimum Flows, which incorporates small needs of 
those who live by the river and whose livelihood depend on 
that river. It also accounts for the religious need in addition 
to the EF need. At present, EF are most often justified by 
ecological concerns—for instance, by the question of pre¬ 
serving ecosystem health for the sake of biodiversity con¬ 
servation. This approach pays little regard to those whose 
livelihoods are gained directly from the continuity of 
ecosystem services of the rivers. For many rural men and 
women in developing countries, aquatic ecosystems are 
essential to their wellbeing and livelihood, providing 
domestic water and also sustaining fisheries, livestock, 
grazing, and other important resources. Further, as a rule, 
current EF considerations do not take into account cultural 
and religious contexts, which are also very important in the 
HKH. Therefore, there is a need to further develop 
methodologies for assessing of EFs for the HKH and to 
explore ways to incorporate consideration of EFs into 
river-governance practices. 


8.4 Water Governance in the Hindu Kush 
Himalaya 

While the previous sections have addressed the physical 
availability and the uses of water in the HKH, this section 
will highlight how challenges of governance—as distinct 
from water scarcity per se—form a crucially important 
obstacle to achieving water security in the region Biggs et al. 
(2013a). 

As suggested in earlier sections, water scarcity is insti¬ 
tutionally mediated across geographical scales within the 
region. By characterizing the formal, informal, and hybrid 
water-governance institutions at the local/micro, 
subnational/national/meso, and regional/intemational/macro 
scales, a scalar lens of governance will inform our discussion 
of HKH water security. The links that connect water security 
to energy and food security—known as the 
water-energy-food (WEF) nexus—will also be highlighted. 
In a critical mode, we question conventional wisdom on the 
existence of the nexus at the micro scale within the HKH. 
Scaling up to meso and macro levels, we then critically 
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examine prospective approaches to both basin-scale man¬ 
agement within the region and to management of trans¬ 
boundary water relations at the subnational and national 
scales. We conclude this section with a consideration of 
pathways toward improved water-related decision-making in 
the HKH, across micro, meso, and macro scales. 

For the purpose of this discussion, water governance is 
understood to be the mechanism for addressing questions of 
water access, use, and distribution among social actors, 
sectors, and across geographical scales. The outcome of 
good water governance should be social equity and political 
stability enabled by environmental quality across the HKH. 
A key premise of our discussion is that water governance is a 
deeply political enterprise. If water is life, and human life is 
steeped in politics, then water use and distribution are 
inevitably steeped in politics as well. This section is orga¬ 
nized around geographical scales, not only to illustrate how 
politics impact water governance at the micro, meso, and 
macro scales, but also how water politics might be moder¬ 
ated and informed by evidence-based policy. 

8.4.1 Characterization of Existing Water 
Governance Institutions 

The HKH is characterized by relatively weak penetration of 
formal state (national) institutions. This is due to the 
remoteness of much of the region, owing mainly to topog¬ 
raphy. Issues over water are no exception to this general lack 
of strong state presence, although modem state institutions 
have recently started becoming more influential, especially 
in terms of infrastructure development at the meso and 
macro scales. Informal customary water governance at the 
micro-scale, with its marked gender and other inequalities, 
has been the predominant institutional norm in the region. 
The recent rise in state penetration has not replaced existing 
governance mechanisms, but it has spawned hybrid gover¬ 
nance regimes with informal structures heavily mediating 
state intervention, rather than the reverse. The state has, 
however, indirectly contributed to profound transformation 
of informal water governance through the provision of 
energy and technology for harnessing and managing water 
supply as well as through investments in infrastructure for 
irrigation and energy (particularly hydropower). 

The region’s political geography is dominated by 
nation-states, which must be the arbiters of any water gov¬ 
ernance at the country level. At the moment, there are just a 
few examples of multilateral or regional water-governance 
structures, e.g., Indus River Commission (and Indus Waters 
Treaty) and Mekong River Commission for the lower 
Mekong basin. Two regional multilateral institutions— 


South Asian Association for Regional Cooperation 
(SAARC) and the International Centre for Integrated 
Mountain Development (ICIMOD)—have not been 
involved in water governance. While comprehensive review 
of SAARC is beyond the scope of this chapter, suffice it to 
say that SAARC has maintained a strict neutrality and a 
studied silence on the subject. On the other hand, ICIMOD 
has been quite proactive in generating knowledge on water 
governance and related issues in the region, but it has limited 
its activities to research and dissemination. This lack of a 
multilateral or regional governance framework for water is 
largely a result of the nationalization of water by the HKH 
countries, as the power disparities among these countries 
cause them to guard individual sovereignty over water. 

Sovereign control over water has not prevented some 
countries in the region from entering bilateral treaties, which 
require regulating the exercise of sovereignty over domestic 
water resources to satisfy treaty obligations. Such treaties 
and their accompanying institutional structures are discussed 
in Sect. 8.3.2. 

At the subnational scale, Shah (2009) describes the 
existing water management structures in northern Afghani¬ 
stan as community-based water-management systems that 
pivot around the institution of an elected or selected mir-e- 
aab (water master) with minimal or absent state presence in 
managing most canal and karez systems (underground 
aqueduct, also known as qanat in west Asia). Local 
water-allocation systems were largely disrupted during the 
long Afghan civil war, and the inability of the post-Taliban 
regime to restore to original claimants their abandoned or 
appropriated water rights is a source of considerable 
resentment among the Afghan populace. 

Since 2003, through the Ministry of Rural Rehabilitation 
and Development, the Afghan government has inserted itself 
into local-level water management by availing funds for 
participatory water-infrastructure development through 
Community Development Councils operating under the 
National Solidarity Programme. This has led to more of a 
hybrid institutional regime, with the balance of power resting 
with the local informal regime more than the state. Due to the 
contours of local power relations, the results of these hybrid 
management systems have not been equitable in all cases in 
terms of gender or class (McCarthy and Mustafa 2014). 

In the Pakistani-administered part of the Karakoram 
range, constituting Gilgit-Baltistan, water-management 
institutions have also been largely local and 
community-based—and they have gotten a considerable 
boost from the investments in community organization and 
water-infrastructure development undertaken by the Aga 
Khan Rural Support Programme (AKRSP) and similar 
NGOs (Box 8.8). 



8 Water in the Hindu Kush Himalaya 


287 


Box 8.8 Aga Khan rural support programme 

AKRSP provides an illustrative evidence of a pro¬ 
ductive and cooperative relationship between state and 
non-state (or more informal) actors. The AKRSP’s 
primary approach is to promote the participation of 
local stakeholders in water management through the 
creation and support of village organizations, which 
then provide the structure and resources necessary for 
these villages to elfectively manage their own water 
supplies. This model has enjoyed some success in 
promoting water access, particularly in more rural and 
difficult-to-access areas. One of the biggest successes 
of the program, however, has been its relatively 
extensive engagement with state authorities, providing 
logistical, financial, and technical resources in support 
of these activities (De Spoelberch 1987; Ehsan-ul-Haq 
2007). This example illustrates the potential for greater 
state cooperation with a variety of actors in promoting 
effective and sustainable water-management activities. 

Gilgit-Baltistan might be an exception in the HKH, as it 
demonstrates synergy and cooperation between state and 
non-state actors, including the AKRSP, Aga Khan Founda¬ 
tion (AKF), and other related institutions. By contrast, in 
most of the HKH, typical relations between state and 
non-state water managers are indifferent, if not downright 
hostile. In Pakistan, as in India, water is primarily a 
provincial/state subject, with the central governments only 
intervening in the financing of large-scale infrastructure 
projects, such as hydropower, deemed to be of national 
interest. However, within the HKH areas of both countries, 
water management, for all practical purposes, remains local 
and community-based. 

Many of these local-scale water-management systems 
limit access to safe water by gender, causing serious con¬ 
sequences for women and the health and wellbeing of girls. 
In Nepal, Udas and Zwarteveen (2010) documented that the 
central irrigation bureaucracy is unable to systematically 
address issues of gendered access to water because of the 
country’s entrenched patriarchal ethos, confirming the earlier 
review by Chandra and Fawcett (1999), who documented 
how lack of participation by women in water-supply projects 
ultimately increased their workloads and diminished their 
prospects of benefiting from improved water infrastructure. 

In the Indian Himalayas, the central government’s Min¬ 
istry of Water Resources, River Development & Ganga 
Rejuvenation, and Central Water Commission play strong, 
engineering-focused, state-led roles in the development of 
water resources, investment in infrastructure, and data col¬ 
lection and monitoring, with primary influence at the macro 
scale. Without adequate attention to meso and macro scales, 


national involvement may tend to overlook local water 
management, extraction, and allocation practices—espe¬ 
cially in the case of FMIS, which have a centuries-long 
tradition and form the backbone of livelihoods and 
food-security in rural mountain communities. Additionally, 
globalization, market integration, the penetration of contract 
farming, and seasonal to permanent out-migration (espe¬ 
cially of working-age males) are having profound impacts on 
irrigated agriculture. 

Within the region, Himachal Pradesh and Sikkim present 
more dynamic and transformative instances of active state 
involvement in water management—ranging from irrigation 
and potable-water supply to hydropower. By contrast, the 
states of Jammu and Kashmir and Uttarakhand have resorted 
to a more conventional approach, with central government 
making a strong imprint on infrastructure and water man¬ 
agement. This is due, in part, to territorial and strategic 
concerns. In J&K, concerns ostensibly include the integra¬ 
tion of local communities into mainstream Indian polity; in 
Uttarakhand, there are governmental concerns over nation¬ 
alist sentiments for Mother Ganga and for the historical 
marginalization of hill districts, which formed part of Uttar 
Pradesh state before breaking off as the new state of Uttar¬ 
akhand (previously Uttaranchal). 

The states of Northeast India present an entirely different 
picture, with local practices and traditions holding sway, 
marking a governance system that is less of a hybrid than 
one in which state and central government institutions are 
largely absent. With the advent of hydropower in the 
Northeast—and the perception of a large gap between gen¬ 
eration potential and installed capacity on high-volume 
tributaries to the Brahmaputra—the region is witnessing 
greater involvement of central government, including 
investments in infrastructure through public and private 
capital, as well by multilateral institutions like the Asian 
Development Bank. 

In terms of domestic water supply, the expanding urban 
areas of the HKH are largely serviced by either centrally or 
provincially controlled agencies (such as the centrally con¬ 
trolled Kathmandu Valley Water and Sanitation Board). 
In HKH rural areas, the main government agency responsi¬ 
ble for domestic water supply is Public Health Engineering 
(PHE). Most of the time, however, the domestic water 
supply is actually serviced through community-based ini¬ 
tiatives. PHE has an infrastructure bent and often assumes 
responsibility for supplying domestic water to larger and 
medium sized cities in the region, such as Gilgit, Muzaf- 
farabad, and Srinagar. 

In all of the urban water-supply situations, the emphasis 
is on networked, piped water systems, replicating the 
infrastructure and institutional models of the western and 
plains cities of South Asia—but without regard to topogra¬ 
phy, cultural particularities, or the institutional history of 



288 


C. A. Scott et al. 


water supply in HKH cities. The consequences go beyond an 
uneven water supply, inequitably rendered in terms of class 
and location across the urban areas of the HKH; serious 
health hazards also arise from water-supply contamination. 

In sum, the key features of the institutional water land¬ 
scape in the HKH are as follows: 

• Water management is characterized by a hybrid 
formal-informal regime, with the balance of power in 
favor of informal institutions, particularly at the local 
level. 

• At the macro scale—and certainly for meso- and 
macro-scale infrastructural development—the balance of 
power is in favor of formal state institutions. 

• There is a disconnect between the macro/national, 
meso/regional, and micro/local water-governance insti¬ 
tutions, which is largely a function of the political 
marginality of national terrain within the HKH. This is 
especially true of larger nation-states. Nepal and Bhutan 
are the exceptions, with their national boundaries falling 
predominantly within the HKH. 

• There is a need for greater synergy between state and 
informal water-management institutions without the strict 
institutional boundaries that exist at present. Local water 
management and its informal institutions could benefit 
from state support instead of the antagonism that is 
present today. 

• The gender inequities often witnessed in informal and 
formal institutions are a matter of serious concern and 
should be a priority area for reform. 

• The urban water-supply systems in emerging cities in the 
HKH need to be more attuned to the particularities of the 
topography and the organic growth of the cities where 
formal institutional regimes uncomfortably preside over 
the informal institutional landscape, with deleterious 
consequences for water quality and quantity. 

These characteristics of local and national water institu¬ 
tions exist in juxtaposition to governance at the level of 
transboundary river basins; thus, we turn to conflict and 
cooperation across geographical scales in the HKH. 

8.4.2 River-Basin Approaches 

and Transboundary Conflict 
and Cooperation 

Countries throughout the HKH face similar challenges of 
increasing water demand due to economic growth. Avail¬ 
ability of and access to water resources vary dramatically 
throughout the region due to seasonal precipitation patterns, 


the geographic distribution of glaciers, and, importantly, a 
lack of adequate governance. In addition, rising uncertainty 
in water availability and increases in extreme weather are 
both likely due to climate change (Molden et al. 2014). 
Management of water resources at a river-basin scale may 
help in maximizing benefits of infrastructure projects, 
negotiating competing water and energy uses, and mini¬ 
mizing risk of water-related hazards. However, a river-basin 
approach is challenging at macro (or meso) scales that are 
either international or interstate (subnational). 

At both transboundary and subnational levels, coordina¬ 
tion throughout shared river basins requires increased insti¬ 
tutional capacity, particularly across scales, and may require 
a decoupling of national political aims from shared 
resource-management objectives. The river-basin approach 
is particularly relevant in the context of 
upstream-downstream benefit sharing between HKH areas 
and downstream populations in the plains. Within the HKH, 
however, much of the demand for water, especially for 
drinking water, is met by groundwater from springs and 
handpumps—and tubewells in urban areas—where the most 
relevant geographical unit for effective management is not 
the river basin but the springshed, which do not follow the 
river valley contours. Springs draw upon mountain aquifers, 
which may be shared among multiple valleys; therefore, 
holistic water management must integrate mechanisms 
across river basins and springsheds in order to better coor¬ 
dinate surface and groundwater resource management. 

In the HKH, a river-basin approach would harness the full 
potential of water resources while managing competing uses 
in the face of rising demand and increasing uncertainty 
(Shrestha et al. 2015b). Both infrastructure and institutional 
water-management approaches benefit from a river-basin 
perspective. Building institutional capacity at a river-basin 
scale can improve coordination between upstream and 
downstream areas. It can also improve cross-sectoral policies 
for water and energy. However, the river basins originating 
in the HKH often cross state or national borders, making 
coordinated basin-wide water management a question of 
riparian states’ ability, institutional arrangements, and above 
all, political commitment to cooperate or at least creatively 
address conflicts. 

Building transboundary institutional capacity is challen¬ 
ging due to the different needs and priorities of riparian states. 
River-basin management can even be difficult at the subna¬ 
tional level due to a lack of interstate institutional mechanisms, 
a predominance of local and community-based water- 
management schemes, and a lack of alignment among 
hydrologic boundaries and administrative management units. 

At the local scale, much of the agricultural and domestic 
water supply is dependent upon mountain springs, whose 
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aquifers do not necessarily follow the basin’s surface 
boundaries. The basin approach may be useful at the meso 
and macro scales, but at the micro/local scale, formal insti¬ 
tutions can prove useful by helping to link micro 
water-management institutions across valleys in order to 
address common issues of spring recharge, zone protection, 
and water quality. However, at the international trans¬ 
boundary level, the rivers originating within the HKH con¬ 
tinue to be strongly contested, as outlined in Sect. 8.4.2.1. 

8.4.2.1 Transboundary Waters 

Transboundary resource sharing in South Asia has histori¬ 
cally been fraught with contentious relationships, charac¬ 
terized by a focus on national interests, a lack of trust, and 
hegemonic power play. National interests and international 
power relations have played a significant role in 
hydro-politics in the region (Asthana and Shukla 2014). 
Despite being connected by hydrologic flows (Amu Darya, 
Indus, Ganges, Brahmaputra, Irrawaddy, Salween, and 
Mekong basins across national borders), states have often 
taken unilateral action on water-management decisions, 
leading to fragmented management of transboundary 
resources, narrow (albeit understandable) focus on national 
interests, and negative consequences for neighbouring 
riparian countries and communities (Asthana and Shukla 
2014; Rasul 2014; Giordano et al. 2016). 

Where international cooperation on water management 
exists, agreements are typically made between only two 
countries, and water disputes are often entangled with other 
political issues (Shah and Giordano 2013; Giordano et al. 
2016). Several governments in the region have multiple 
challenges of achieving political consent for international 
water negotiations, whereas others are seen as regional 
hegemons. Bilateral water treaties often involve nation-states 
with disparate levels of political power. For example, in the 
Ganges-Brahmaputra-Meghna basins, India holds separate 
bilateral treaties with Nepal and Bangladesh, despite the fact 
that these three countries are all part of a larger shared basin. 
These water treaties are often inflexible and lack adequate 
mechanisms for negotiation of inter-party conflicts. 

Bilateral water treaties in the region have resulted in 
varied outcomes for downstream states. Sometimes, trans¬ 
boundary water treaties have improved shared-resource 
management, but in other cases, the lack of an adequate— 
or any—agreement has contributed to contentious state 
relations. The Indus Water Treaty, signed by India and 
Pakistan in 1960 and currently in effect, secured a significant 
apportionment of 80% of Indus River Basin flows for Pak¬ 
istan, the lower riparian state (Shah and Giordano 2013). 


India and Bhutan were able reach a mutually beneficial 
agreement on hydropower development in shared river 
basins; Bhutan earns over 60% of its national GDP from 
hydropower sales to India (Shah and Giordano 2013). 

By contrast, treaties developed for joint hydropower 
projects on the Gandak, Koshi, and Mahakali Rivers (in 
1952, 1954, and 1996, respectively) have tended to exacer¬ 
bate tensions between India and Nepal. The Koshi agree¬ 
ment provided compensation to Nepal for land inundation, 
irrigation flows, and benefit sharing from a hydropower and 
flood-control project constructed by India within Nepalese 
territory. However, Nepal does not feel that the agreement 
has been upheld fairly (Shrestha et al. 2012; Giordano et al. 
2016). Further, lack of bilateral agreement on required 
modifications of the Koshi project led to failure of the 
embankment of 2008, causing major flooding with severe 
damage and loss of life—and compounding the existing 
mistrust between these nations. 

Water projects within the Brahmaputra and Ganges 
basins have also led to increased tensions between India and 
Bangladesh. India constructed the Farakka Barrage on the 
Ganges to divert dry-season flow for drinking-water and 
irrigation and to prevent sedimentation in Kolkata port. 
However, Bangladesh perceives the project as negatively 
impacting downstream water flows and delta productivity in 
Bangladesh. 

Other projects have been developed unilaterally. India 
constructed a series of run-of-the-river hydropower projects 
and a diversion barrage on the Teesta River. Both projects 
negatively impact downstream Bangladesh. Although 
agreements on minimum flows and dispute resolution were 
reached between India and Bangladesh on these projects in 
1996 and 1998, in both cases, Bangladesh remains dissat¬ 
isfied with India’s fulfillment of the terms of the agreements. 
To further complicate international agreement on water 
sharing, domestic protests within India have weakened the 
central government’s ability to achieve an equitable 
arrangement with Bangladesh over the Farakka Barrage, an 
example of how international water cooperation is subverted 
by domestic political aims. 

To redirect water management from conflict among 
international riparian states toward productive cooperation, 
joint water projects and research efforts are two ways to 
engage multiple players and build trust—while also serving 
to increase the knowledge base on resource issues, improve 
evidence-based decision making, identify mutually benefi¬ 
cial goals, and leverage cooperation within the scientific 
community to promote cooperation at other levels (Asthana 
and Shukla 2014). 
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Cooperation will also lead to better planning of infras¬ 
tructure projects, reducing impacts on resources, livelihoods, 
and ecosystems. Finally, regional information-sharing sys¬ 
tems need to be established to facilitate open data exchange 
within river basins. Data sharing will help facilitate disaster 
management, increase capacity for information dissemina¬ 
tion, improve regional resilience to climate change, and 
improve early-warning systems for floods—especially for 
glacial lake outbursts. However, questions about conflict and 
cooperation at multiple scales must also take into account 
interdependent resource systems, illustrated through the WEF 
security nexus and its unique manifestations within the HKH. 

8.4.3 The Water-Energy-Food Security Nexus 

There is a growing recognition of the important links 
between water, energy, and food. This triad is such that the 
security of one is impacted by or influences the others. This 
so-called WEF security nexus has emerged as an important 
conceptual paradigm for sustainable resource management. 
The nexus is considered to be a set of synergies and tradeoffs 
resulting from the inter-relations among resources, institu¬ 
tions, and security and the linkages between resource use 
and development, whereby interconnections can allow 
multiple needs to be addressed simultaneously. The tradeoffs 
and synergies are multi-dimensional, spanning physical and 
social spheres across multiple scales (Rasul 2014), both rural 
and urban (Scott et al. 2016). 

The critical links among groundwater, energy, and irri¬ 
gation have been highlighted in a number of studies. The 
proliferation of electric pumps for extracting groundwater in 
India (Mukherji 2007; Shah 2009; Bassi 2017) and of diesel 
pumps in Pakistan (Siddiqi and Wescoat 2013) has led to an 
extensive increase in energy consumption for agricultural 
production in the plains. Policy instruments, such as power 
tariff reforms, have been identified as interventions that can 
simultaneously reduce power demand (thereby improving 
energy supply for non-farm power needs), improve agri¬ 
cultural productivity, promote equity, and allow for more 
sustainable use of groundwater in agriculture (Kumar et al. 
2013). 

Within the mountainous regions of the HKH, the key 
WEF nexus linkages are principally through 
hydropower-electricity generation and irrigation, with 
important urban and rural implications that raise questions of 
political power and access (Allouche et al. 2015). In rural 
HKH regions especially, fuel wood for heating and cooking 
as well as rainfed agriculture for food production have WEF 
nexus implications. In the case of hydropower, off-grid, 


small-scale systems serving local communities have played 
an important development role in some areas (Pervaz and 
Rahman 2012). On the other hand, large, grid-connected 
hydropower systems serve regional energy demands with a 
distinct advantage for downstream agriculture and urban 
demands. In 2013, hydropower constituted a significant 
portion of total electricity production (~77% in Nepal; 32% 
in Pakistan; and 12% in India (IEA 2016)). 

Overall, the WEF nexus at the micro/local scale in the 
HKH is not constituted by critical tradeoffs; rather it exists 
due to the essential need for water in both the energy and 
agricultural sectors. However, the prevailing system of 
access to and use of resources is vulnerable to disturbances 
in climate—and WEF security in rural areas will be signif¬ 
icantly impacted (with the poor being exposed to higher 
risks). Small-scale hydropower systems will likely be the 
first affected by changes in streamflow due to climate change 
(as compared to large systems with significant storage 
capacity). Furthermore, landslides and floods that disrupt 
road connectivity in remote mountains will impact food 
imports and distribution to local markets. 

The HKH has extensive hydropower-generation potential 
(estimated at 500 GW), and several large-scale systems are 
in operation or in stages of planning and development 
(Vaidya 2012). Power-generation revenue accrues at the 
provincial level (where power plants are situated); however, 
the electricity generated is largely used in the densely pop¬ 
ulated plains—as is stored water (for irrigated agriculture). 
For instance, Khyber Pakhtunkhwa (KPK) and 
Gilgit-Baltistan collectively host 76% (46 GW) of the 60 
GW total estimated hydropower potential in Pakistan. 

The irrigation benefits of the Indus waters are largely 
derived in the plains of Punjab and Sindh, whereas 
energy-generation revenues are accrued in KPK and 
Gilgit-Baltistan (Siddiqi and Wescoat 2013). An improved 
evaluation of the distribution of costs and benefits can allow 
for creating inclusive and equitable arrangements. For 
instance, a fraction of hydropower revenue could be provi¬ 
sioned for rural development of the province, and some of 
the new development projects could be directed toward 
adaptations for climate change impacts, such as deployment 
of photovoltaic (rather than micro-hydro) systems. 

System-level modeling and analysis have largely focused 
on meso/basin- or macro/national-scale profits and benefits 
(Yang et al. 2014). As large projects are planned and funded 
by national agencies, the relevant scale of analysis has been 
at the provincial (meso) or national (macro) level. These 
approaches can be improved by incorporating methods and 
metrics that compute national-level net benefits in conjunc¬ 
tion with local costs borne at smaller levels. 
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8.4.4 Decision-Making Improvements 

Water-related decision making across micro, meso, and 
macro scales is mediated by the relative social and political 
power of stakeholders and interest groups—and by complex 
and often involuted institutional histories and designs. At the 
micro level, the main conduits for decision making are 
predominantly informal local institutions. These institutions 
are embedded in the local-level geographies of power 
organized around class, ethnicity, and gender. To facilitate 
more inclusive decision-making structures, there is a need 
for greater synergy between the formal state and informal 
local institutions. The key political challenge is to make the 
informal local-level institutions accountable and equitable, 
without undermining their efficacy or legitimacy. Decision 
making by informal institutions at the local level is, indeed, 
based on local knowledge; therefore, there is a need for 
formal state institutions to learn from the local 
decision-making bodies. 

At the meso/subnational scale, the balance of power is in 
favor of formal state institutions. Here, the key challenge is to 
steer what is generally politicized decision-making toward 
evidence-based decision-making, appropriately informed by 
science and local knowledge. At this scale, the importance of 
research and knowledge-generating actors cannot be 
overemphasized. Scientifically rigorous, socially informed, 
and locally relevant research could be made available to local 
level decision-makers, who, in turn, could also be made more 
accountable. As science points the way toward ecological and 
economic sustainability, accountability will ensure that 
attention is paid to social justice and sustainability. 

At the macro/intemational scale, there is an obvious need 
for greater trust between the nation-states of the HKH. Water 
conflicts rarely play out in isolation from the range of other 
issues between nation-states—but water can be a conduit for 
trust-building. Again, development that goes beyond design 
and construction could bring dimension to the largely 
engineering-focused perspective of the national water 
bureaucracies in the countries of the HKH. 

Educating citizens and the press on water issues within 
the HKH could also provide a counterpoint to the focus on 
infrastructure and engineering that is currently predominant 
in addressing water problems in the region. Communicating 
to all stakeholders the importance of the socio-economic, 
cultural, spiritual, and ecological dimensions of water 
resources development is essential to maintain healthy and 
productive river basins. National water policies informed by 
multidisciplinary perspectives could help both national and 
regional initiatives find innovative solutions to seemingly 
intractable water conflicts, serving such programs as: 


ICIMOD’s Himalayan Adaptation, Water, and Resilience; 
Ganges Basin program of Water, Land, and Ecosystems 
under the Consultative Group for International Agricultural 
Research (CGIAR); and the South Asia Water Initiative. 
Finally, the link between subnational and national water 
politics cannot be overlooked. The aforementioned 
regional-level interventions could also serve to make 
national water policies more regionally and ecologically 
sensitive and less narrowly nationalistic. 

8.5 Challenges and Ways Forward 

Water availability, use, and governance in the HKH are in a 
constant state of flux. In terms of availability, annual river 
flows across the HKH during this century in general will not 
undergo great change because increased precipitation and 
runoff will tend to counteract reduced flow from glacial melt, 
except in the Indus and other western basins where contri¬ 
butions from monsoon precipitation are low. However, 
pre-monsoon flows are expected to decline, impacting irri¬ 
gation, hydropower, and ecosystem services. Data uncer¬ 
tainties are high, and they cannot easily account for spatial 
and temporal heterogeneity. Projections indicate that 
intra-annual variability in surface water will increase. There 
is anecdotal evidence that springs in the mid-hills of the 
Himalaya are drying up. These contribute to lean season 
baseflow in local streams, which are the primary source of 
drinking water in the HKH mid-hills before joining the rivers 
fed by glacial melt. Despite high proportions of water use in 
agriculture throughout the region, increased urban demand 
for water will continue, based on population growth and the 
concentration of economic and political power in cities and 
towns. Meeting SDG targets focused on urban water supply, 
wastewater, and sanitation will place unprecedented pressure 
on water resources in HKH cities. In the future, it is likely 
that larger cities in and around the HKH will resort to 
long-distance water transfers from HKH highlands to satisfy 
increasing demand, possibly designing suitable institutions 
for payment to upstream communities for ecosystem ser¬ 
vices. It is also likely that some of the bigger cities will 
invest in workable wastewater-treatment infrastructure. 
However, the real crisis will occur in smaller emerging 
towns, which have inadequate funds for infrastructure 
upgrades, particularly for water supply and wastewater 
treatment, and lack suitable governance institutions. 

Reduced lean-season river flow coupled with increasing 
urban and upstream demand will result in reduced avail¬ 
ability of surface water to downstream farmers for irrigation. 
Agriculture and irrigation will become increasingly 
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feminized, and formal and informal institutions must 
respond to this reality, or mountain agriculture and irrigation 
systems will stagnate or shrink. For example, most FMIS 
still consider members to be landowners, who are men, 
many of whom have migrated. If institutions become 
inclusive, and if remittance money is invested in agriculture, 
then it is possible that the shift to remunerative crops like 
coffee, orchards, and mountain niche crops (instead of 
rainfed cereals) will become even more pronounced. 

Hydropower is rapidly emerging as the main source of 
energy and revenue for Himalayan states, but changing river 
flow regimes will require hydropower projects to be con¬ 
structed and managed in order to account for pre-existing 
water use for irrigation. Without mechanisms to negotiate 
water sharing between existing agricultural and emerging 
hydropower uses, the water available for agriculture will 
decline in localized areas. There is a need for improved 
benefit-sharing norms that enable the preservation of water 
flows for agricultural use while allowing substantial, but 
mediated, hydropower development. 

Ecosystem flows in Himalayan rivers and streams are 
subject to flow regimes that are heavily impacted by human 
water uses. The greatest impacts on fish, macroinvertebrates, 
and other riverine flora and fauna result from increasing 
intra-annual variability of river flows, even though 
inter-annual variability in flood and drought cycles certainly 
affects riparian ecosystems. Increasing intra-annual vari¬ 
ability will reduce lean-season flows and diminish the 
high-monsoon flows characteristic of HKH regimes. 
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Chapter Overview 


Key Findings 

1. Food and nutrition insecurity remains a serious 
challenge in the Hindu Kush Himalaya 
(HKH) region; more than 30% of the population 
suffers from food insecurity and around 50% 
face some form of malnutrition, with women and 
children suffering the most. The insecurity is more 
severe in remote mountain areas. Challenges to food 
security in the mountain areas differ from those in 
the plains due to inaccessibility, fragility, season¬ 
ality, limited economic opportunities, poor market 
access, and harsh biophysical conditions. 

2. The causes of food and nutrition insecurity in 
the HKH are multifaceted and complex, and 
influenced by a range of factors including high 
poverty, natural resource degradation, climate 
change, low level of market development, uncer¬ 
tain food support, and inadequate policy and 
institutional support. 

3. Traditional mountain food systems are currently 
under threat from rapid socioeconomic and 
environmental changes including changing diet¬ 
ary habits, changes towards mono-cropping and 
commodity crops, loss of water sources, soil 
degradation, and decline in market value. Mountain 
agriculture is becoming relatively less competitive 
and the youth are increasingly abandoning agricul¬ 
tural livelihoods, leading to decreased food pro¬ 
duction and adversely affecting local food systems. 


Policy Messages 

1. To address the unique challenges faced by 
mountain communities regarding food security, 
national governments in the region need to pay 
special attention to integrating a mountain 
perspective into national policies related to food 
and nutrition security. The mountain perspective 
should take into account exploiting agro-ecological 
potential and mountain-specific niche opportunities 
while protecting the environment, delivering insti¬ 
tutional services, and improving market access. 

2. Governments in the region can be more effective 
in addressing issues related to food and nutri¬ 
tion security by adopting a holistic approach 
that includes revitalizing local food systems, 


strengthening social safety nets, enhancing 
knowledge and awareness about nutrition, and 
reducing physical and socioeconomic vulnerability. 
Efforts are also needed to diversify livelihood 
options and develop non-farm sectors such as 
tourism and handicrafts to enhance household food 
purchasing power. Attention also needs to be given 
to increasing the productivity of traditional crops 
and local breeds of livestock, and to the develop¬ 
ment of non-timber forest products (NTFPs), 
medicinal and aromatic plants, mountain niche 
cash crops, and organic agriculture. 

3. Increased investment in the management of 
natural resources, including soil, water, and 
energy, is critical to increase agricultural pro¬ 
duction, diversify local food systems, and 
improve nutrition. Major investments are needed 
in soil and water management to revitalize springs, 
ponds, and other water bodies and to develop 
irrigation facilities and improve the domestic water 
supply in an environmentally responsible manner 
in hill and mountain areas. 


The mountain people of the Hindu Kush Himalaya 
(HKH) face large challenges in food and nutrition security. 
Although progress has been made in calorie intake, malnutrition 
remains a serious challenge ( well-established ). About 50% of 
the population suffers from malnutrition, and women and chil¬ 
dren suffer more. Ending hunger and achieving food and nutri¬ 
tion security—as articulated in the Sustainable Development 
Goals—is an urgent need for the governments of the region. 
Agriculture is one of the region’s main livelihood options, but 
many people depend on limited natural resources and poor soils 
with agroecosystems of low carrying capacity. The region’s 
population is increasing quite fast at close to 1.4% annually, and 
the per capita availability of land and other natural resources is 
declining. Traditional agricultural systems are coming under 
pressure and failing to provide adequate food and income. As a 
result, nearly one-third of the population is suffering from food 
insecurity, and between one-fifth and one-half of children 
(<5 years of age), depending on country, suffer from stunting, 
with a high incidence of wasting and underweight. A significant 
share of women also suffer from various forms of anaemia ( well- 
established ). Some mountain areas exhibit high nutrition inse¬ 
curity compared to the national average for the whole country, 
for example eastern Afghanistan, Meghalaya state in India, Chin 
and Rakhine states in Myanmar, the high mountains of Nepal, 
and Balochistan province in Pakistan ( well-established ). 
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Addressing the challenge of food and nutrition security in 
the HKH has become increasingly complicated by the rapid 
socioeconomic, demographic, and environmental changes, 
including migration and climate change. The prevalence of 
high poverty, youth out-migration, poor infrastructure and 
market access, depletion of natural resources, and the 
increased brunt of climate change are key factors, among 
others, affecting food and nutrition security. 

In the remote rural areas where a majority of the HKH 
population lives—depending heavily on agriculture for food 
and nutrition—farming and food production are highly 
susceptible to climate change, due in part to poor irrigation 
facilities and a high dependence on precipitation. The drying 
up of springs and water bodies, erratic rainfall, increased 
floods, increased dry spells, land degradation, and a rising 
incidence of pests and disease in crops and livestock all pose 
additional challenges to food and nutrition security in the 
region. 

Despite these numerous challenges, the HKH region also 
enjoys comparative advantages in certain products and has a 
good potential and opportunities for revitalizing local food 
systems, developing mountain niche products and services, 
and promoting non-farm livelihood options (established but 
incomplete, see Sect. 9.4). Local food systems—including 
neglected and underutilized species (NUS) and local breeds 
of livestock—have a huge potential to diversify the supply 
of food and micronutrients in the mountains, while 
enhancing farmers’ incomes and enabling them to access 
nutritious food (see Sects. 9.4.1 and 9.4.2). The nutritional 
value of many NUS crops such as millets, sorghum, and 
buckwheat are high (well-established, see Sect. 9.4.1). 
These crops and local breeds of livestock are also highly 
adapted to mountain conditions and resilient to 
climate-induced stresses like drought and frost. In view of 
the nutritional, environmental, and economic benefits, NUS 
are recently relabelled as ‘Future Smart Foods’. A growing 
literature suggests that if provided with the required inputs 
and market links, mountain areas also offer a good 
agro-ecological potential for growing various cash crops 
including tea, coffee, nuts, fruit, and vegetables, which can 
contribute to food and nutrition security (well-established, 
see Sect. 9.4.3). 

The natural resources of the mountains, such as forests, 
rangelands, and water resources, also provide many oppor¬ 
tunities to increase household income and food security if 
managed and harnessed sustainably (well-established, see 
Sect. 9.4.4). Timber and non-timber forest products 
(NTFPs), medicinal and aromatic plants, other varieties of 
plants and herbs and honeybees can provide additional 
sources of income. The potential of rangelands in high 
mountain areas—the basis for livestock production and food 
security in pastoral communities—could be developed 


further by enhancing livestock productivity. Mountains are 
rich in water resources, but these are not harnessed properly 
for the benefit of local people (see Chap. 8). Properly 
managing and harnessing the water in springs, streams, 
snow, and glaciers could greatly increase agricultural pro¬ 
duction and help to diversify local food systems. Other 
opportunities exist in tourism, handicrafts, food processing, 
and medicinal plants as potential sources of income, which 
would, in turn, improve food and nutrition security in the 
mountains (established but incomplete, see Sect. 9.4.5). 

Achieving sustainable food and nutrition security in the 
mountains requires a balanced approach between food 
self-sufficiency and market dependency and an integrated 
strategy that entails production enhancement and increasing 
household income, along with improving rural infrastructure 
for market access and food transportation. The strategy 
should focus on addressing existing challenges while help¬ 
ing the region to seize opportunities and realize the potential. 
Due to different ecological and environmental conditions 
and different levels of access to institutional services result in 
different challenges and opportunities across the region, the 
strategies for food and nutrition security need to consider 
local agro-ecological features and socioeconomic conditions, 
including access to markets and other basic services. In this 
chapter, we identify four types of HKH mountain area based 
on agro-ecological potential and access to markets, infor¬ 
mation, and institutional services, and suggests area-specific 
strategies to enhance food and nutrition security for each of 
these types: 

• High agro-ecological potential, good access to markets 
and institutional services 

• High agro-ecological potential, poor access to markets 
and institutional services 

• Low agro-ecological potential, good access to markets 
and institutional services 

• Low agro-ecological potential, poor access to markets 
and institutional services. 

In areas with high agro-ecological potential and good 
market access, strategies could focus on tapping the potential 
through land use intensification and growing cash crops in 
line with market demand; while in areas with high 
agro-ecological potential and poor market access, strategies 
could focus on improving market access, developing local 
food systems, and promoting high value but low volume and 
non-perishable products. In areas with low agro-ecological 
potential but good access to markets and institutional ser¬ 
vices, strategies could focus on promotion of non-farm and 
off-farm activities to enhance purchasing power; while in 
areas low in agro-ecological potential and with poor market 
access, strategies could focus on subsistence use of 
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resources, developing incentive mechanisms for conserva¬ 
tion of resources, and support for out-migration to increase 
purchasing power and thus access to nutritious food. Tar¬ 
geted food safety net programmes such as subsidized food 
may also be required in low potential areas to ensure food 
security. 

In addition, special attention needs to be paid to the 
following: 

• Establishing community food banks to store food at 
village level so that households in need can borrow from 
the banks and return the loaned amount after the harvest, 

• Managing water resources, especially, springs in midhills 
and mountains and promoting efficient and equitable hill 
irrigation infrastructure, where feasible, 

• Establishing mechanisms for cross-border food trade and 
internal movement of food products, particularly 
cross-border localized trade/food exchange between 
border communities, 

• Strengthening knowledge on nutrition, child care, and 
food preparation, including traditional Himalayan fer¬ 
mented foods which are nutritionally rich and healthy, and 

• Empowering women by improving knowledge and their 
control of resources to enable them to take decisions on 
matters related to family health, education, and feeding. 


Food and Nutrition Security in the HKH and the 
Sustainable Development Goals 

Six Sustainable Development Goals (SDGs) are clo¬ 
sely related to food and nutrition security: 

• Goal 1— End poverty in all its forms everywhere. 

• Goal 2— End hunger, achieve food security and 
improved nutrition, and promote sustainable 
agriculture. 

• Goal 3— Ensure healthy lives and promote well¬ 
being for all at all ages. 

• Goal 6— Ensure availability and sustainable 
management of water and sanitation for all. 

• Goal 12— Ensure sustainable consumption and 
production patterns. 

• Goal 13— Take urgent action to combat climate 
change and its impacts. 

In addition, achieving food and nutrition security 
has direct and indirect implications for achieving a 
number of other SDG goals and targets, such as SDG 
1 (eradicating poverty) and SDG 5 (achieving gender 
equality), which depend on eliminating food insecurity 
and malnutrition. 


Though diverse, the SDGs are also mutually rela¬ 
ted. For example, ending hunger and achieving food 
security will depend on achieving water and energy 
security for food production. Similarly, ensuring 
healthy lives will depend on achieving food and 
nutrition security. A failure to ensure food and nutri¬ 
tion security in the HKH would thus imperil the 
region’s pursuit of other SDGs such as ending poverty, 
ensuring healthy lives, achieving gender equality, and 
reducing inequalities as well as adaptation and miti¬ 
gation of climate change. 


9.1 Introduction 

Food and nutrition security is fundamental for living a 
healthy and productive life and is essential for socioeco¬ 
nomic development. The system of food production and 
consumption has shaped human society and the environment 
for millennia (Desor 2017). Food and nutrition security is 
thus critical for any society and a top priority in national and 
global development and environmental agendas. It is also a 
building block for achieving Sustainable Development Goal 
(SDG) 2 as well as instrumental for achieving other SDGs 
such as 1 (no poverty), 3 (good health and wellbeing), 6 
(clean water and sanitation), 12 (responsible consumption 
and production), and 13 (climate action). Hunger and mal¬ 
nutrition are widespread in the Hindu Kush Himalayan 
(HKH) countries. Of the 795 million people undernourished 
globally, 52% (415 million) are from HKH countries 
(FAO-IFAD-WFP 2015). In the HKH region, more than 
30% of people face food insecurity (Table 9.1) and one-third 
to one-half of children (below five years of age) suffer from 
stunting, with a variation across countries (Rasul et al. 
2018). Children and women suffer more, and children’s 
growth and development are affected. 

9.1.1 Mountain Specificities and Food Security 

The nature and causes of food security in mountain areas 
differ from those in the plains as a result of differences in the 
physical environment, transportation and communication 
facilities, remoteness, and seasonality. Mountain environ¬ 
ments in the HKH are characterized by limited accessibility, 
a high degree of fragility, and marginality (Jodha 2000). The 
people in the HKH face severe challenges in terms of food 
and nutrition security due to the harsh biophysical environ¬ 
ment and relatively low socioeconomic development. The 
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Table 9.1 Food (in)security in the Hindu Kush Himalaya region 


HKH 

country 

Incidence of food insecurity/food 
poverty in mountain areas (%) 

Approximate number of people faced with food insecurity 3 (millions) 

Data source 

Afghanistan 

33 

National level statistic in ALCS (2014) used as a proxy for mountains; 

29 of Afghanistan’s 34 provinces are mountainous or hilly 

7.76 

Bangladesh 

53 

Majumder et al. (2012) estimated % food insecure households. Using 
household size in Chittagong Hill Tracts to convert households to 
population won’t change the incidence of food insecurity 

0.95 

Bhutan b 

5.9 

GoB (2012) 

0.05 

China 

11 

National level prevalence of undernourishment in FAO 2013 taken as 
proxy for mountains 

3.66 

India 

18 

Statistics taken from Rasul et al. (2018) which uses data from two 
mountain states as a proxy for the mountain area 

15.53 

Myanmar 

09 

Mountain statistics aggregated from the state level statistics in IHLCA 
(2011) 

1.08 

Nepal” 

51 

NDHS (2011) 

14.61 

Pakistan 

57 

Mountain aggregated statistics approximated based on the statistics from 
FSA (2009) and population projections for mountain areas 

29.45 

Total 

31 c 

- 

73.09 c 


Population data in Box 1.1; Table 1.1 used to approximate food poor population 

b Entire territories of Bhutan and Nepal included in the HKH region despite Nepal having some plains areas 

Approximated number and percentage of food insecure populations in the HKH region are indicative and based on the individual country level 
statistics on mountain food (in)security 

Note Data presented in the table are not recommended for use in cross-country comparisons because all countries follow different methods for food 
(in)security assessment 


Himalaya is one of the youngest mountain ranges in the 
world with a prehistoric marine origin. The soils are among 
the most fertile in the world, but fragile and degradable. 
Steep slopes and unsustainable terrain present severe chal¬ 
lenges in the region and make it unsuitable for the conven¬ 
tional green revolution agriculture practised in the plains 
areas of the HKH countries. This has made mountain com¬ 
munities highly dependent on the plains for food. Thus 
approaches based on production alone cannot address the 
mountain food security issues; access to food through means 
is also important. While theoretically, in a well-functioning 
competitive market, access to food through cash income is 
straightforward, mountain communities often face physical 
difficulties and uncertainties in accessing food due to their 
physical remoteness, dispersed settlements, high transport 
costs, imperfect market conditions, high variability in the 
food price, and frequent natural disasters such as floods, 
landslides, avalanches, and earthquakes (Rasul and Hussain 
2015). In mountain areas, natural disasters often disturb the 
fragile communication system and hinder food transporta¬ 
tion and access to food. Food prices are also influenced by 
oil prices and transport bottlenecks caused by natural dis¬ 
asters or political turmoil (Hussain and Routray 2012). The 


challenges faced by mountain communities are often not 
adequately understood, and the perspectives of mountain 
communities are not fully recognized in national agricultural 
development policies in the HKH countries (Jodha 2000, 
2009). As a result, despite good intentions, the policies and 
strategies pursued by the countries to increase food pro¬ 
duction using the green revolution approach has failed to 
yield the desired outcome in the HKH region (Rasul 2010). 

Agriculture is one of the primary livelihood options 
available in the HKH region, and key to achieving food and 
nutrition security. But a considerable proportion of the 
population depends on limited natural resources with low 
carrying capacity. Agriculture in the HKH region has 
remained largely traditional. Research on rainfed agriculture 
and mountain niche products has been limited and thus 
agricultural productivity has remained low, while rapid 
population growth (close to 1.4% annually) is placing 
additional pressure on food and nutrition security. Limited 
industrialization and slow growth of the non-farm sector 
mean that the increasing labour force is also adding to the 
pressure on the limited and fragile land resources. The per 
capita availability of natural resources, particularly land, is 
decreasing steadily, while traditional agricultural systems are 
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gradually degrading (Adhikari et al. 2017). This has impli¬ 
cations for food and nutrition security in the region. Further, 
the rapid climatic changes currently taking place in the HKH 
ecosystem may compound the effects on the traditional food 
and agricultural systems in the region (Aase et al. 2009). 

The mighty glaciers and mountain ranges of the HKH are 
the source of some of the biggest rivers in South Asia (for 
more, see Chap. 7 Status and Change of the HKH Cryo- 
sphere). But the water resources of the region are not fully 
harnessed, and the irrigation systems are poorly developed 
(Bandyopadhyay and Perveen 2008). As a result, agriculture 
in the HKH has remained largely rainfed, making it prone to 
the vagaries of the weather and highly vulnerable to climate 
variability and climate change. Natural water bodies like 
streams and ponds, on which mountain agriculture and 
livestock depend heavily, are increasingly drying up. The 
water regime of the HKH is likely to change rapidly with 
respect to discharge rates, volume, and availability, which 
will have adverse impacts on the subsistence agricultural 
economy (Viviroli et al. 2003) (see Chap. 8). This has 
serious implications for agricultural productivity and food 
security, and particularly for food availability, across the 
entire region (Hussain et al. 2016). 

In the HKH agro-ecological system, forests are pivotal to 
the maintenance of crop production levels. The people of the 
HKH are traditionally forest-dependent communities, but 
numerous factors are making such areas prone to risk and 
uncertainty. High population growth (Table 1.1) and resul¬ 
tant changes in land use are decreasing the forested area and 
leading to unsustainability of HKH agriculture. The rapidly 
changing patterns of land use, the resultant decrease in forest 
area, and decreasing annual rainfall have also disrupted the 
hydrological regime, with water resources diminishing 
rapidly, mainly due to reduced groundwater recharge (Tiwari 
and Joshi 2012a). Such conditions have an impact on most 
aspects of food and nutrition security. 

Transportation and other infrastructure in the HKH is 
relatively weak and poorly developed, thus there is a fric¬ 
tional market and marketing system. The lack of modem 
facilities (such as cold storage for short-term storage of fruit, 
processing, and export quality packaging) combined with 
neglect of traditional storage and processing methods are 
having a negative impact on food production. Quality con¬ 
trol for grading and facilities for washing and disinfection 
also need to be developed. 

9.1.2 Concept of Food and Nutrition Security 

The concept of food and nutrition security is still evolving 
(Box 9.1). Food security is the fundamental precept of the 
right to adequate food, which was adopted by the Food and 
Agriculture Organization (FAO) Council in its 127th session 


held in November 2004. In that session, governments agreed 
on some voluntary guidelines to support the realization of 
economic, social, and cultural rights to food and recom¬ 
mended some workable actions to be pursued during the 
course of the coming decade for the recognition of the right 
to food. More than a decade has passed, but the need for 
practical guidance on developing effective institutional and 
legal frameworks for the right to food, establishing inde¬ 
pendent monitoring mechanisms, and implementing these 
frameworks has not been addressed in mountain regions. 

Box 9.1 What is food and nutrition security? 

“Food security exists when all people, at all times, 
have physical and economic access to sufficient, safe 
and nutritious food that meets their dietary needs and 
food preferences for an active and healthy life” 
(World Food Summit 1996). Food security has four 
dimensions: availability, accessibility, utilization, and 
stability (FAO 2008). Food availability refers to the 
physical availability of adequate levels of food in a 
particular area. Cultural acceptability of food is also an 
important aspect as different cultures have different 
food preferences (Jones et al. 2013; Hussain and 
Routray 2012). Food accessibility refers to the physi¬ 
cal and economic access to food. Food utilization 
refers to food quality, safety, and absorption, sup¬ 
ported by an adequate health status. Food stability is 
ensured when food availability, accessibility, and uti¬ 
lization remain secure throughout the year and over a 
long period of time (see Fig. 9.1). The concept of food 
security also needs to be understood from both the 
national and household perspectives. Although 
national food security is important as providing a 
foundation, it may not guarantee household food 
security. It is therefore important that each and every 
household—and within it every member—has access 
to safe, nutritionally adequate, and culturally accept¬ 
able food (Gillespie and Mason 1991). Hunger and 
food insecurity can exist at the household level even 
when at the national level there is enough food. Food 
security is a multi-dimensional concept that includes 

(a) physical availability, which involves food pro¬ 
duction, stocks, and reserves across multiple scales; 

(b) physical and economic access, which depends on 
purchasing power, incomes, food prices, transport, and 
market infrastructure; (c) food utilization, or the 
capacity to absorb nutrition according to health, diet¬ 
ary diversity, and intra-household distribution; and 
(d) stability of food supply and access over time in 
cases of weather variability, price fluctuations, and 
other transitory shocks or periodic stresses (FAO 
2008). 
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Fig. 9.1 Food security framework (,Source Adapted from Jones et al. 
2013) 


The term nutrition security is sometimes used 
interchangeably with food security, even though 
nutrition security is much broader as it includes 
healthcare and hygiene practices (Fig. 9.1). Food 
security is necessary but not sufficient for nutrition 
security (Jones et al. 2013). In October 2012, FAO’s 
‘Committee on World Food Security’ attempted to 
define food and nutrition security as the state that exists 
when all people at all times have physical, social, and 
economic access to food, which is safe and consumed in 
sufficient quantity and quality to meet their dietary 
needs and food preferences, and is supported by an 
environment of adequate sanitation, health services, 
and care, allowing for a healthy and active life,” (FAO 
2012). Undernourishment is a state of food insecurity, 
where caloric intake is below the minimum dietary 
energy requirement (Jones et al. 2013). 


9.1.3 Objective and Scope of this Chapter 

As outlined above, the nature of and factors contributing to 
food and nutrition security in mountain areas are more 
complex than those in the plains, in particular, due to the 
harsh biophysical environment, poor accessibility, and weak 
market infrastructure (Rasul and Hussain 2015; FAO 2015), 
and a variety of research questions relating to food and 
nutrition security in mountain regions still need to be 
addressed. The core questions are as follows: 

• How far do the dimensions and underlying factors 
affecting food and nutrition security vary across the 
mountain and plains regions of the HKH? 

• What is the gap between food supply and demand in the 
HKH, and how is this gap being filled? What are the 
prospects and opportunities for traditional and 
non-traditional food production systems, and how can the 
strength of indigenous resources be capitalized on 
through unique policy options? 

• What are the key challenges in the arena of food acces¬ 
sibility, distribution, and utilization, and what ways and 
means will be available to cope with these challenges 
through public policies and development programmes? 

• What best practices exist at regional and international 
levels that can be tested and replicated for specific 
communities in the HKH? 

• How can the national and international goals of food and 
nutrition security be achieved for the mountain regions of 
the HKH? 

• Why should the attention of the international community 
be drawn to the marginalized communities in the HKH, 
who are often among the most vulnerable people in the 
world due to cross-border conflicts and political 
disturbances? 

In order to address these questions using an integrated and 
holistic approach, this chapter aims to understand the causes 
of food and nutrition insecurity in its four dimensions and to 
suggest some actionable policy measures to improve the 
nutrition status of the people living in the HKH. Both quali¬ 
tative and quantitative data and information have been col¬ 
lected, assessed, and synthesized, and policy issues and their 
implications for the mountain regions are briefly examined. 
The first section of the chapter addresses the status of food and 
nutrition security in the HKH, the second section discusses 
key issues and challenges in food and nutrition security, the 
third section describes emerging opportunities and potential 
in the region, and the final section presents a strategic 
approach to achieve sustainable food and nutrition security in 
the mountain areas. The synthesis aims to provide 
state-of-the-art knowledge on food and nutrition security in 
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Table 9.2 Food and nutrition (in)security in Afghanistan 


Indicators 

National 

Region 



Northeast 

Northwest 

East 

Central 

West 

Southeast 

Southwest 

% of households not meeting their caloric 
needs 

33.0 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

Stunting 21 (%) 

40.9 

44.6 

45.7 

52.6 

37.4 

31.0 

35.0 

39.9 

Wasting 13 (%) 

9.5 

8.5 

5.9 

18.0 

8.4 

5.6 

7.9 

10.1 

Underweight 0 (%) 

25.0 

27.8 

22.6 

41.3 

24.1 

16.7 

27.6 

23.6 

Underweight women d (%) 

9.2 

13.7 

14.8 

6.2 

7.9 

10.9 

4.4 

9.1 

% of women (age 12-49) who received 
vitamin A postpartum 

18.6 

16.8 

16.1 

31.5 

6.4 

5.6 

9.4 

22.4 

% of women (age 12-49) who had no 
postnatal check-up 

71.5 

81.2 

72.6 

70.3 

78.0 

77.1 

69.8 

57.2 


a Height-for-age: children under 5 years < —2 SD from the international reference median value 
b Weight-for-height: children under 5 years < -2 SD from the international reference median value 
c Weight-for-age: children under 5 years < —2 SD from the international reference median value 
d Weight-for-age: women 15-49 years < -2 SD from the international reference median value 
Data source ALCS (2014); AMS (2010) 
n.d. = no data available 


the HKH region which can be used to inform policy decisions 
on improving food and nutrition security. 


9.2 Status of Food and Nutrition Security 
in the Mountains of the HKH 

9.2.1 Prevalence of Food and Nutrition 
Insecurity 

The prevalence of food insecurity and malnutrition in the 
HKH countries is very high. In view of the differences in the 
nature and underlying factors of food and nutrition security 
in the mountains compared to the plains, it is important to 
examine the disaggregated status of food and nutrition 
security in these areas. The statistics show that overall 
mountain areas are more vulnerable to food and nutrition 
insecurity, although in certain indicators, some mountain 
areas can be relatively better than plains areas. The mountain 
areas are also not homogeneous, and variation across the 
different mountain regions within a particular country should 
also be considered. The available information about food 
and nutrition insecurity in the individual countries within the 
region is summarized in the following. 

Almost all of Afghanistan is hilly or mountainous and no 
comparison can be made between plains and mountain/hill 
areas. The prevalence of stunting, wasting, and underweight in 
children is high in almost all regions of the country (Table 9.2), 
with stunting particularly high in the north and east and 
underweight and wasting in the east. The percentage of 
underweight women aged 15-49 years is significantly higher 
in the north than elsewhere, while close to 80% of women aged 


12-49 years in the northeast, central, and west regions did not 
receive any postnatal check-up or treatment (Table 9.2). This 
indicates women’s limited access to health services. 

Bhutan is also almost entirely hilly or mountainous. Only 
6% of the population lives below the food poverty line (Nu. 
689 per person per month) (GoB 2012), while 96% of 
households have access to improved sources of drinking 
water and 63% to improved sanitation facilities. Neverthe¬ 
less, the prevalence of stunting and underweight is still high, 
indicating a lack of diversity in diets and deficiencies of 
micronutrients (Table 9.3). 

In China, the average intake of calories is below the 
national average in the mountain provinces, except in 
Yunnan (Table 9.4). The prevalence of stunting in children 
is relatively high in Sichuan and Yunnan, and the prevalence 
of anaemia in children is relatively high in Sichuan and 
Gansu (in both cases the only two mountain provinces for 
which data is available (Table 9.4). 


Table 9.3 Food and nutrition (in)security in Bhutan 


Indicators 

National 

% of population below food poverty line d 

5.9 

Stunting 21 (%) e 

21.2 

Wasting 13 (%) e 

4.3 

Underweight 0 (%) e 

9.0 


a Height-for-age: children under 5 years < -2 SD from the international 
reference median value 


b Weight-for-height: children under 5 years < —2 SD from the 
international reference median value 

c Weight-for-age: children under 5 years < -2 SD from the international 

reference median value 

Data source d GoB (2012); e NNS (2015) 
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Table 9.4 Food and nutrition (in)security in China 


Indicators 

National 

Mountain provinces 



Sichuan 

Yunnan 

Gansu 

Qinghai 

Xinjiang 

Dietary energy intake (kcal/capita/day) 

2172 

1966 

2231 

2011 

1986 

2021 

Protein intake (g/capita/day) 

65.0 

61.4 

67.9 

60.1 

67.2 

63.6 

Stunting a (%) 

3.2 

8.0 

11.5 

n.d. 

n.d. 

n.d. 

Wasting b (%) 

3.2 

3.3 

n.d. 

n.d. 

n.d. 

n.d. 

Underweight 0 (%) 

9.0 

15.4 

8.4 

n.d. 

n.d. 

n.d. 

Prevalence of anaemia (Hb <12 g/dl) in pregnant 
women above 18 years of age (%) 

17.2 

10.0 

10.0 

17.0 

15.2 

20.1 

Prevalence of anaemia (Hb <12 g/dl) in children 
(below 5 years of age) (%) 

5.0 

13.7 

n.d. 

24.4 

n.d. 

n.d. 


a Height-for-age: children under 5 years < -2 SD from the international reference median value 
b Weight-for-height: children under 5 years < -2 SD from the international reference median value 
c Weight-for-age: children under 5 years < -2 SD from the international reference median value 

Data source NHPC (2015); Ministry of Health (2013); Xiaoping and Minru (2014); Gansu Province Government (2015) 


Fig. 9.2 Daily calorie intake in 
India (Source Gol 2010; Schedule 
Type 1 data from NSS 66th 
Round, 2010) 



Rural 


Urban 


In India, the average calorie intake in urban and rural areas 
of mountain states tends to be slightly lower than the national 
average, particularly in Manipur, Meghalaya, and Nagaland 
(Fig. 9.2; Table 9.5). However, the prevalence of stunting, 
wasting, and underweight in children is lower in the moun¬ 
tains than the national average, possibly due to the presence 
of extremely poor plains states such as Bihar, Jharkhand, 
Chhattisgarh, and Orissa in national-level assessments. These 
states are poor in terms of people’s financial capacity (Gol 
2014a) as well as health and nutrition status (NFHS 2006). 
Meghalaya is the only mountain state where the prevalence 
of stunting, wasting, and underweight children is signifi¬ 
cantly higher than the national average (Fig. 9.3). In 
Meghalaya, the area under cultivation of key agricultural 
crops had declined by nearly 14% in 2011/12 compared to 
2002/03 (Roy et al. 2015) which may indicate one factor. 
Moreover, the shift in Meghalaya from subsistence to com¬ 
mercial farming, multi-cropping to mono-cropping, 


traditional to modem crops, and food to non-food crops has 
had an impact on patterns of production and consumption 
and led to a decline in food diversity that affects nutritional 
security (Behera et al. 2016). The prevalence of anaemia (by 
Hb level) in women aged 15-49 years is notably higher in 
the states of Assam, Sikkim, and Tripura (Table 9.5). 
Although the overall situation of nutrition security seems 
slightly better in the mountain states than the national aver¬ 
age, the prevalence of malnutrition is still very high. 

In Myanmar, the incidence of food poverty in the 
mountain states of Chin, Rakhine, and Shan is very high 
compared to the national average (Fig. 9.4). The prevalence 
of stunting, wasting, and underweight are also substantially 
higher in Chin, Rakhine, and the northern parts of Shan 
(Fig. 9.4). 

In Nepal, the proportion of food insecure households in 
the mountains is significantly higher than in the plains 
(Terai) and compared to the national level (Table 9.6). The 
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Fig. 9.3 Prevalence of stunting, 
wasting, and underweight in 
children under five years of age in 
India {Source NFHS 2006) 


60 % 



Stunting 


Wasting 


Underweight 


Fig. 9.4 Food poverty and 
undemutrition in children under 
five years of age in Myanmar 
(Sources IHLCA 2011; MoNPED 
and MoH 2011) 


60 % 



Incidence of 
food poverty 


Prevalence of stunting in 
children under 5 years of age 


Prevalence of wasting in 
children under 5 years of age 


Prevalence of underweight in 
children under 5 years of age 


Table 9.6 Food and nutrition (in)security in Nepal 


Indicator 

National 

Mountains 

Hills 

Terai 

% of food insecure households 

50.8 

59.5 

52.8 

47.9 

Prevalence of underweight women (aged 15-49 years) 

18.2 

16.5 

12.4 

22.7 

Stunting a (%) 

40.5 

52.9 

42.1 

37.4 

Wasting* 1 (%) 

10.9 

10.9 

10.6 

11.2 

Underweight 0 (%) 

28.8 

35.9 

26.6 

29.5 

Prevalence of anaemia (by Hb level) in children aged 6-59 months 

46.2 

47.7 

41.0 

50.2 

Prevalence of anaemia (by Hb level) in women aged 15-49 years 

34.8 

26.7 

26.5 

41.9 


a Height-for-age: children under 5 years < -2 SD from the international reference median value 
b Weight-for-height: children under 5 years < -2 SD from the international reference median value 
c Weight-for-age: children under 5 years < -2 SD from the international reference median value 
Source NDHS (2011) 
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Table 9.7 Food and nutrition (in)security in Pakistan 


Indicators 

National 

Mountain province/administrative unit b,c 

AJK 

Balochistan 

FATA 

GB 

KPK 

Prevalence of food insecurity (%) d 

49 

47 

61 

68 

52 

56 

% of women (aged 

15-49 years) facing 
micronutrient deficiency 

Iron deficiency anaemia (NPW) a 

20 

19 

16 

16 

10 

5 

Iron deficiency anaemia (PW) 

26 

28 

31 

n.d. c 

30 

15 

Vitamin A deficient (NPW) 

43 

13 

50 

83 

39 

72 

Vitamin A deficient (PW) 

49 

31 

62 

n.d. 

45 

85 

Calcium deficient (NPW) 

51 

6 

60 

81 

45 

71 

Calcium deficient (PW) 

58 

4 

63 

n.d. 

71 

61 

Vitamin D deficient (NPW) 

85 

95 

83 

85 

96 

80 

Vitamin D deficient (PW) 

86 

85 

78 

n.d. 

96 

77 

% of children (0-59 months) 
facing growth problems 

Severe stunting 

22 

12 

32 

36 

22 

25 

Wasting 

17 

18 

18 

10 

9 

18 

Underweight 

31 

n.d. 

42 

13 

n.d. 

24 

% of children (0-59 months, 
except iodine) facing 
micronutrient deficiency 

Vitamin A deficient 

56 

37 

81 

100 

82 

78 

Zinc deficient 

37 

49 

34 

34 

33 

34 

Vitamin D deficient 

41 

33 

40 

26 

32 

30 

Iodine deficient (6-12 years) 

37 

65 

35 

10 

70 

26 

Iron deficiency anaemia 

33 

28 

23 

26 

21 

13 


a NPW = non-pregnant women; PW = pregnant women 

b AJK = Azad Jammu and Kashmir; FATA = Federally Administered Tribal Areas; GB = Gilgit-Baltistan; KPK = Khyber Pakhtunkhwa 
c n.d. = no data 

Source Bhutta et al. (2011); FSA (2009) d 


prevalence of stunting and underweight in children 
(<5 years) is also higher in the mountains compared to the 
plains and national statistics. On the other hand, the preva¬ 
lence of anaemia and underweight in women (15-49 years) 
is slightly lower in the mountains. 

In Pakistan, the prevalence of food insecurity is signifi¬ 
cantly higher in the mountain areas when compared to 
national statistics, with the exception of Azad Jammu and 
Kashmir (AJK). Almost two-thirds of the population in 
Balochistan and the Federally Administered Tribal Areas 
(FATA) is food insecure (Table 9.7), mainly due to lack of 
financial resources to purchase adequate food (FSA 2009; 
Hussain and Routray 2012). In line with the higher food 
insecurity, the majority of mountain people face a higher 
deficiency in most micronutrients. For example, in 
Balochistan, FATA, and Khyber Pakhtunkhwa (KPK), 
vitamin A deficiency among non-pregnant women (aged 15- 
49) stands at 50%, 83%, and 72%, respectively, while cal¬ 
cium deficiency stands at 60%, 81%, and 71%, respectively. 
The majority of pregnant women also face deficiencies of 
vitamin A and calcium in Balochistan and KPK. In 
Gilgit-Baltistan (GB) and KPK, almost all non-pregnant 
women have a vitamin D deficiency. The percentage of 
pregnant women with calcium and vitamin D deficiency in 
GB is also extremely high (Table 9.2). Almost one-third of 


children (<5 years) faced severe stunting in Balochistan and 
FATA. The prevalence of underweight children in 
Balochistan is also very high in comparison to the national 
average. All the children in FATA and the majority in 
Balochistan, GB, and KPK face vitamin A deficiency; and a 
high proportion of children in AJK face deficiency in zinc 
and in AJK and GB in iodine. 

9.2.2 Seasonality and Vulnerability of Food 
and Nutrition Security 

Mountain communities in the HKH region are highly vul¬ 
nerable to food and nutrition insecurity as a result of a range 
of climatic, physical, and socioeconomic factors (Dame and 
Niisser 2011; Hussain et al. 2016). A considerable propor¬ 
tion of the population live in remote, high altitude areas and 
dispersed settlements with limited physical infrastructure 
and market opportunities (Romeo et al. 2015). People living 
in such areas often face difficulties in accessing food due to 
poor infrastructure, weak communications, and limited 
transportation systems. There is also a seasonal variation in 
food security; in the winter and rainy seasons, road networks 
are often disconnected from the plains and food transporta¬ 
tion becomes very difficult and highly expensive, 
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particularly if food needs to be airlifted. High transportation 
costs also increase food prices to levels that may go beyond 
the purchasing power of poor people and compromise food 
quality and quantity, affecting nutritional outcome (Ghosh 
and Sharma 2016). As a result, mountain regions often 
experience seasonal shortfalls of food with poor people 
particularly vulnerable to food and nutrition insecurity 
(Dame and Niisser 2011; Hussain et al. 2016). Food security 
tends to be most compromised during the monsoon and 
snowy winter months, as well as during periods following 
natural disasters (Box 9.2). 

Box 9.2 Seasonality of food and nutrition secu¬ 
rity in high mountains 

High mountain areas in the HKH often experience 
heavy snowfall during the winter months (December 
to March), which result in blocked roads and physical 
isolation of local communities from other areas (e.g., 
in Upper Rasuwa in Nepal, Upper Mansehra in Pak¬ 
istan, Northern Afghanistan, and the northwestern 
Himalayas in India). As an adaptation measure, people 
often reduce their food intake in terms of both quantity 
and frequency, which has serious implications for food 
and nutrition security in winter. Similar situations may 
occur after disasters such as landslides and floods. The 
main reason for food stress at these times is the lack of 
local storage and food processing facilities. To cope 
with such situations, governments could establish food 
storage centres to store both local produce and items 
brought in from other areas when the roads are func¬ 
tional (before winter and monsoon). 


9.3 Issues and Challenges to Food 
and Nutrition Security 

Mountain communities face multiple challenges in achieving 
nutrition security. In most mountain areas, the amount of 
available land per capita is too low to support sustainable 
livelihoods (Tiwari and Joshi 2012b; Hussain et al. 2016). 
Both the total area available per capita and the net sown 
proportion will become even smaller as the population 
increases. But the nature and causes of food and nutrition 
security are complex and multifaceted and mountain com¬ 
munities face several other biophysical, environmental, and 
socioeconomic constraints and challenges that affect food 
and nutrition security (Table 9.8). The key challenges are 
discussed in the following sections. They include deterio¬ 
ration of local food systems, changing dietary habits, climate 
change impacts, high rates of poverty, increased rates of 
outmigration, abandonment of cultivable land, rapid 


urbanization, inadequate infrastructure and market access, 
depletion of natural resources, barriers to food movement 
and trade, inadequate access to improved drinking water and 
sanitation, and gaps in existing policies and programmes. 
Climate change-induced hazards and biophysical constraints 
are further adding to the overall problems of inaccessibility 
and fragility in mountain areas. The factors constraining and 
facilitating food and nutrition security in the HKH region 
can be better understood using the conceptual framework 
shown in Fig. 9.5. They are discussed in more detail in the 
following. 

9.3.1 Deteriorating Local Food Systems 

Local biophysical and socioeconomic conditions play an 
important role in mountain agricultural systems. The huge 
shift from traditional to new crop varieties and from tradi¬ 
tional to modem farming practices has led to a decline in 
local food systems (Adhikari et al. 2017; Gautam and 
Andersen 2017). A wide range of traditional crops used to be 
part of the food basket in mountain areas, including millets 
C Eleusine spp., sorghum (Sorghum bicolor ), buckwheat 
(Fagopyrum spp.), amaranth (Amaranthus spp.), 
sea-buckthorn (Hippophae spp.), barley (Hordeum vulgare ), 
naked barley (Hordeum himalayens ), legumes (Vigna spp.), 
yam (Dioscorea spp.), sesame (Sesamum indicum ), niger 
(Guizotia abyssinica ), kaphal (Myrica esculent a), chiuri 
(Diploknema butyraced ), amala (Phyllanthus emblica ), 
pomelo (Citrus maxima ), and jamun (Syzygium cumini) 
(Padulosi et al. 2012). These traditional crops are also 
known as neglected and underutilized species (NUS) due to 
the lack of recognition and underutilization of their potential 
in terms of their biophysical suitability in mountain 
ecosystems and their high nutritional value. People often 
consider NUS as ‘foods of the poor’ (Adhikari et al. 2017; 
Mai et al. 2010) and are not aware of their potential for 
production, income, and nutrition security. Previously 
widespread crops such as millet, barley, oats, and beans are 
being replaced with rice, wheat, maize, and high-yielding 
cash crops such as potato, vegetables, and even non-food 
crops) (Adhikari et al. 2017; Apetrei 2012). 

Some of the most important factors contributing to the 
decline in NUS production are increasing food demand, 
declining market value of NUS, increasing market value and 
demand for dominant crops, increasing standardization of 
agricultural practices and trends towards mono-cropping, 
inadequate policy support, changing food preferences in 
response to urbanization, changes in income levels, lack of 
nutritional knowledge among consumers, and gradual loss of 
traditional NUS-based recipes (Adhikari et al. 2017). Dis¬ 
appearance or limited cultivation of NUS is leading to a 
decline in agricultural diversity in agriculture ecosystems 
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Table 9.8 Challenges to food and nutrition security 


Challenge 

Consequences 

Dimensions of food and nutrition 
security likely to be affected negatively 

Deterioration of local food systems 

• Reduced food production 

• Reduced production diversity 

• Food availability 

• Food utilization 

Changing diets 

• Reduced dietary diversity 

• Food utilization 

Climate change 

• Risks to agricultural production 

• Reduced production diversity 

• Reduced farm income 

• Constrained food supply from plains due to climate 
hazards 

• Food availability and stability 

• Food utilization 

• Food accessibility 

• Food stability 

Lingering poverty 

• Reduced food intake 

• Reduced dietary diversity 

• Food accessibility 

• Food utilization 

Increased outmigration 

• Labour shortages in agriculture leading to reduced 
production 

• Food availability 

Abandonment of cultivable land 

• Low returns, labour shortages, and others leading to 
land being abandoned and loss of production 

• Food availability 

Rapid urbanization 

• Encroachment of agricultural land leading to reduced 
agricultural production 

• Food availability 

Inadequate infrastructure and market 
centres 

• Inadequate food distribution 

• Higher post-harvest losses 

• Higher prices of external food items 

• Food accessibility 

• Food availability 

Depletion of natural resources 

• Loss to water resources 

• Reduced supply of biomass manure from forests 

• Reduced supply of edible wild plants and fruit from 
forest, leading to reduced dietary diversity 

• Degradation of rangelands and pastures resulting in 
reduced livestock production and income 

• Food availability 

• Food availability 

• Food availability and utilization 

• Food availability and accessibility 

Constraints to internal food movement 
and cross-border trade 

• Reduced food supply to mountains 

• Higher prices of available food 

• Food availability 

• Food accessibility 

Inadequate access to improved 
drinking water, sanitation, and hygiene 

• Higher prevalence of diseases 

• Health status 


Fig. 9.5 Food and nutrition 
security: a conceptual framework 
0 Source Modified from Gross 
et al. 2000) 
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Fig. 9.6 The trend in barley production in KPK, Pakistan (,Source 
ASP 2012) 
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Fig. 9.7 The trend in sorghum and millet production in KPK, Pakistan 
(,Source ASP 2012) 

and dietary patterns (Mayes et al. 2012), particularly in the 
HKH (Adhikari et al. 2017; Rasul et al. 2018), with a few 
commodity crops now dominating food systems at all levels. 
The loss of agrobiodiversity has become a serious concern 
and may undermine long-term agricultural sustainability and 
food security in the region. 

The decrease in NUS production has been observed in 
many areas (Adhikari et al. 2017). For example, the average 
production of barley in KPK, Pakistan, declined to only 30 
thousand metric ton in the late 2010s from more than 60 
thousand metric tons in the mid-1990s; while the average 
production of sorghum declined by nearly 62% and of millet 
67% over the same period (Figs. 9.6 and 9.7). In Nepal, the 
change has already taken place in many areas; the per capita 
production of millet in 2013/14 was only 10.7 kg, compared 
to 66, 177, and 80 kg for wheat, rice, and maize, respec¬ 
tively (estimates based on data from Mo AD 2015). The 
change is continuing, although the (low) production of NUS 
showed a moderate increase between 2007 and 2014 in 
absolute terms (MoAD 2015), there was a decline or negli¬ 
gible change in terms of per capita production. 

At present, protection and promotion of traditional crops 
is not a top priority in many HKH countries (Hagen 2004) 


and institutional mechanisms to help local communities 
either to realize and use the benefits of local 
agro-biodiversity or to provide market incentives for pro¬ 
ducers of NUS are inadequate. Policies on food pricing and 
farm subsidies do not take traditional crops into account, and 
trade and market policies rarely reflect their nutritional and 
ecological value (Williams and Haq 2002; Padulosi and 
Hoeschle-Zeledon 2004). If farmers, do not have supporting 
policies, appropriate transportation facilities, good market 
value and chains, or demand, they will prefer to grow 
dominant crops rather than cultivating traditional crops, 
particularly when landholdings are very small. This has been 
the situation over the last two to three decades in the HKH 
(Adhikari et al. 2017; Sharma et al. 2016). At the same time, 
local food systems in mountain areas are being further 
affected indirectly by subsidies provided for new production 
technologies and inputs, the relatively higher returns of 
dominant crops such as rice and wheat resulting from the 
minimum support price policy, and frequent food aid and 
food supply as remuneration for work (Pingali et al. 2017; 
Rasul et al. 2018; Maikhuri et al. 2001). 

Local food systems face another challenge in 
human-wildlife conflict. A considerable number of people in 
high mountain areas live in the proximity of national parks 
and other protected areas. In these areas, increasing depre¬ 
dation of crops and livestock by wild animals has become a 
serious issue (Ogra 2008; Manral et al. 2016), again with 
important implications for people’s livelihoods and food and 
nutrition security. 

The deterioration in local food systems is resulting in 
increased dependence on external food crops (such as fine 
rice, wheat, and non-organic vegetables) and processed 
snacks and drinks, in place of traditional crops. This has made 
mountain people highly vulnerable to food and nutrition 
insecurity. Price shocks in food, and natural hazards such as 
floods and landslides, can further restrict food supplies and 
result in price hikes, leading to short-term food insecurity 
with long-term impacts. Price hikes and restricted food sup¬ 
plies can lead to a shift from a diverse food culture to a 
monoculture, reduced overall consumption, high dependence 
on assistance and aid, and reliance on credit leading to 
indebtedness (Hussain et al. 2016). Debts may further affect 
community resilience and sustainable food security in the 
long-term (Milbert 2009). Further, most food items coming 
from the plains are non-organic and produced with much use 
of pesticides and chemical fertilizers. In the recent past, use of 
chemicals has also been introduced in some mountain areas 
(e.g., Meghalaya in India) with the shift from traditional to 
commercial farming (Behera et al. 2016). These 
non-organically produced food items pose a threat to food 
safety in the mountains, where people historically cultivated 
and consumed mainly safe organic food items (Rasul and 
Thapa 2003; Atreya et al. 2012; Giri et al. 2014). 
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9.3.2 Changing Dietary Habits 

Food habits and diets in the HKH have been undergoing 
changes in recent years due to socioeconomic developments 
linked to increased access to roads, schools, and markets, as 
well as radio, television, and other media (Dame and Niisser 
2011; Finnis 2007). Changes are more prominent in middle 
and lower elevation villages, where road connections are 
better and market connections have been established. The 
consumption of traditional coarse grains, which contain an 
abundance of micronutrients and fibre, is often considered to 
be ‘backward’ in the sociocultural value system (Maikhuri 
et al. 2001) and refined rice and wheat have become the 
main food items. The process has been further reinforced by 
low prices and inadequate incentives for traditional crops 
and a decrease in production as well as availability of 
high-yielding varieties of seeds at subsidized prices, and 
distribution of free or subsidized food (often rice and wheat) 
by the government (Maikhuri et al. 2001). The replacement 
of NUS such as millet, barley, beans, and coarse rice, with 
fine grains and low nutrition processed foods and drinks has 
important implications for nutrition status in the HKH. 
While total calorie intake has increased over the years, 
nutritional status has deteriorated due to micronutrient defi¬ 
ciencies (Rasul et al. 2018). Reduced consumption of 
diverse foods and decreasing activity levels lay the foun¬ 
dation for obesity and related chronic diseases (Kumanyika 
et al. 2002; Hill et al. 2003). Foods from NUS, wild veg¬ 
etable, and fruit species, as well as animal sources, are 
important sources of micronutrients, yet their consumption 
has been reduced due to the increasing uniformity of food 
patterns and changes in dietary habits (Rasul et al. 2016). 
Globally, changes in lifestyle influencing changes in diet 
composition and food demand are expected to increase 
significantly, even with no further population growth 
(Pradhan et al. 2013). This might have serious implications 
for the HKH region, as mountain communities depend 
considerably on national and regional markets for access to 
food. 


9.3.3 Changing Climate 

The average ambient temperature in the mountains of the 
HKH is rising at a rate of 0.06 °C per year, higher than the 
global average, which has resulted in loss of snowfall and 
snow cover and rapid melting and shrinking of the majority 
of glaciers in the region (Shrestha and Aryal 2011) (see 
Chap. 3 Climate Change in the HKH and Chap. 7 Status and 
Change of the HKH Cryosphere). Loss of the cryosphere is 
changing the amount and timing of melt, impacting water 
availability, and leading to a reduction in food production 
and food insecurity in the mountains as well as downstream 


(Rasul 2014). In addition, increasing variability in precipi¬ 
tation patterns and the increased incidence of hazards such as 
floods and droughts are seriously affecting agricultural pro¬ 
ductivity and income across the region (Hussain et al. 2016, 
2018). Studies conducted in the mountain states of India 
such as Himachal Pradesh, Jammu and Kashmir, and 
Uttarakhand (Vishvakarma et al. 2003; Kumar et al. 2006; 
Negi et al. 2012) have shown that precipitation and tem¬ 
perature patterns have changed in a way that is likely to 
affect the discharge, volume, and availability of water 
(Bandyopadhyay and Perveen 2008; Viviroli et al. 2007). 
For example, in Ladakh, India, farmers are already experi¬ 
encing a shortage of water for irrigation due to reduced snow 
and ice (Clouse et al. 2017). Similar experiences are also 
reported from other high mountain areas in the HKH region 
(Tiwari and Joshi 2012b). Loss of the cryosphere may have a 
serious impact on water availability for agriculture (Aase 
et al. 2009). The changes in key climatic phenomena are also 
likely to result in more frequent droughts, increased inci¬ 
dence of high intensity rainfall, and more frequent floods 
(Ailikun 2015; UCCRN 2015), all of which will lead to 
increased vulnerability and uncertainty in food and nutrition 
security in the region. 

A large survey-based study (over 8,000 households) 
conducted in the four river basins of the HKH—Upper Indus 
(Pakistan), Koshi (Nepal), Eastern Brahmaputra (India), and 
Salween and Mekong (China)—found that the majority of 
households had perceived an increase over time in the 
incidence of climate-induced extreme events, including 
floods, erratic rainfall patterns, high variations in tempera¬ 
ture, landslides/erosion, dry spells and droughts, and live¬ 
stock disease and crop pests (Fig. 9.8). These extreme events 
affected their agricultural production and income (Hussain 
et al. 2016). 
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Fig. 9.8 Incidence of climate-induced extreme events during 2001-11 
in the HKH (Source Hussain et al. 2016) 
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Some extreme events, such as droughts and floods, have 
long-term impacts on the food and nutrition security of local 
communities. Drought is directly and indirectly affecting 
livelihoods in the mountains and increasing food insecurity 
through reduced water availability for both agriculture and 
rangeland production (Xu et al. 2009; Ebi et al. 2007; Joshi 
et al. 2013; Rasul 2014). Most of the mountain rangelands, 
particularly in the western parts of the HKH (e.g., Balochistan 
Province, Pakistan), are facing degradation due to the 
increased incidence of drought compounded by overgrazing. 
Degradation of the vegetation cover and deterioration of soil 
with erosion and loss of nutrients is resulting in a reduction of 
livestock productivity that further impoverishes pastoral 
communities (Afzal et al. 2008). For example, a drought from 
1998 to 2002 in Balochistan Province of Pakistan resulted in a 
serious water shortage for agriculture, affecting nearly two 
million acres of arable land and 9.3 million livestock. Drastic 
changes in the composition of plant species in the degraded 
rangeland ecosystem and shortages of fodder and water led to 
the death of 1.8 million livestock and the destruction of nearly 
80% of apple orchards. Food prices rose, and the food secu¬ 
rity and livelihoods of nearly two million mountain people 
were affected, resulting in reduced food consumption and the 
migration of people from drought-affected areas to areas 
downstream (Shafiq and Kakar 2007). The continued water 
stress in Balochistan has led to excessive pumping of 
groundwater, resulting in a further lowering of the water table. 
In certain parts of Balochistan, this has had a significant 
impact on local food systems and food security (Rasul et al. 
2014). 

In contrast, in 2010, frequent fluctuations in the intensity 
of precipitation in some mountain areas of Pakistan led to an 
increase in flooding, especially flash flooding, affecting the 
resource base and infrastructure in both upstream and 
downstream areas. The devastating floods left around eight 
million people vulnerable to long-term food insecurity, the 
majority of them in mountain areas (Rasul et al. 2014). 
Similar kinds of floods have been observed frequently in 
Uttarakhand (India) in recent years (2001-2013). Flood 
events are also increasing in the drier mountain areas, such 
as Fadakh in India (Ziegler et al. 2016) and Gilgit-Baltistan 
in Northern Pakistan (Hashmi et al. 2012). 

9.3.4 Lingering Poverty 

In the HKH, high poverty, both unidimensional and multi¬ 
dimensional, is one of the major causes of food and nutrition 
insecurity (see Chap. 12 Poverty and Vulnerability in 
Mountain Fivelihoods). Financial resources are needed to 
afford an adequate diet and ensure food and nutrition 


security. The choice and consumption of food is largely 
determined by household income and price of products (Fo 
et al. 2012). Generally, low income groups prefer low-price 
high-energy food regardless of its nutritional value (Mon- 
sivais and Drewnowski 2007; Kettings et al. 2009). In many 
mountain areas of the HKH, the incidence of poverty is 
higher than in the adjacent plains (Khan et al. 2015; Saboor 
et al. 2015), and local people have a very limited choice of 
food items due to their low income levels, leading to food 
and nutrition insecurity. A study conducted in the Mugu 
district of Nepal revealed that only a few of 198 children 
studied were getting a nutritious diet including such items as 
meat, egg, milk, vegetables, and fruit. The main reason for 
the inadequate dietary intake was the lack of economic 
affordability of diverse food items (Sharma 2012). Poverty 
affects all aspects of nutrition—food security, access to safe 
drinking water, hygiene, housing, health services, and edu¬ 
cation—further trapping families in poverty from one gen¬ 
eration to the next (CPRC 2004). 

9.3.5 Increasing Rate of Out-Migration 

The inflow of remittances from out-migrants is undoubtedly 
a potential source for improving local food security and 
livelihoods through enhanced income, growth of local small 
businesses, transfer of new technologies, and creation of job 
opportunities for local skilled and unskilled labour. But 
out-migration for work has also added to the challenges in 
mountain areas. Increased out-migration and decreased 
interest of the younger generation in farming also contribute 
to low productivity in agriculture as well as abandoning of 
farmland in some parts of the region, as discussed below. 
The HKH region faces frequent labour shortages during the 
critical periods of agricultural activities due to out-migration 
of active household members, particularly youth, with 70%, 
26%, 37%, and 38% of farm households affected in the 
Upper Indus (Pakistan), Koshi (Nepal), Eastern Brahmaputra 
(India), and Salween and Mekong (China) river basins 
(Hussain et al. 2016). The absence of young people is 
impeding efforts to develop mountain agriculture as a busi¬ 
ness enterprise. The involvement of youth is very important 
because they are generally more progressive and more 
willing to adopt new technologies related to production, 
harvesting, post-harvest handling, and marketing than older 
farmers. However, a growing number of reports suggest that 
despite the problems, migration has become an important 
source of livelihoods and contributes positively to food 
security (Crush and Caesar 2017; Gautam 2017). More 
empirical evidence is required to better understand the 
relationship between migration and food security. 
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9.3.6 Abandonment of Cultivable Land 

A considerable proportion of cultivable land in the HKH has 
been abandoned and remains fallow as a result of the low 
returns, shortage of labour caused by rural out-migration for 
work, highly unequal distribution of land, limited scope for 
mechanization, and lack of land ownership by tenants (ICI- 
MOD 2008). In some areas of the Nepalese Himalaya, more 
than 30% of total cultivated land has been abandoned in the 
mid-hills districts (Jackson et al. 1998; Thapa 2001; Khanal 
2002); close to 30% of agricultural land has been abandoned 
in the Sikles area of the Gandaki basin in Nepal (Khanal and 
Watanabe 2006); and cultivated terraced lands decreased by 
36% between 1978 and 2014 in the western middle hills of 
Nepal (Jaquet et al. 2015). Hussain et al. (2016) found that 
more than a quarter of agricultural land in the Upper Indus 
was left to serve as pasture and grassland for livestock, 
because households find it easier and more profitable com¬ 
pared to cultivating crops in the face of labour shortages, 
while across the Upper Indus, Koshi, Eastern Brahmaputra, 
and Salween and Mekong river basins, 6% of cultivable land 
was left fallow without any productive use at all. 

9.3.7 Rapid Urbanization 

The problems with agricultural land have been further 
compounded by the fast rural-urban migration and unplan¬ 
ned urbanization. In recent years, several areas in the HKH 
have experienced rapid, unregulated, and unplanned urban 
development due to population growth and inadequate land 
use policies. Expansion of urban areas on agricultural land, 
especially in the more accessible and fertile areas, placing 
further pressure on the already shrinking landholdings 
(Nusser et al. 2015). Although urbanization is likely to 
improve market access in adjacent mountain areas, farmers 
are not receiving any additional benefits due to the lack of 


production technology and continuation of old practices 
under the same ecological conditions (Stone 2001). More¬ 
over, urbanization also contributes to changing food habits 
and dietary patterns with increased consumption of refined 
cereals, rice and wheat. 

9.3.8 Inadequate Infrastructure and Market 
Access 

Adequate and appropriate infrastructure facilities, such as 
all-weather road connectivity, an easily accessible network 
of food distribution centres, food storage facilities, and 
market/collection centres, particularly during the monsoon 
and snowy winter months (see Box 9.2), are of critical 
importance for ensuring access to food in the HKH (Partap 
1998). Unfortunately, across the region there is still a lack of 
the infrastructure required for the efficient distribution of 
food and improving food access, as well as a lack of ade¬ 
quate food storage facilities to maintain food reserves during 
the rainy and winter months. During the 2013 floods in 
Uttarakhand in India, food supplies were secured by heli¬ 
copters and stored in schools due to the lack of storage 
facilities (Awasthi 2016). 

Marketing and processing facilities for agricultural, dairy, 
and horticultural products are also inadequate in the moun¬ 
tain areas. This not only results in huge post-harvest losses 
of food crops, fruit, and vegetables, it also makes mountain 
farming and horticulture economically unviable, particularly 
for poor and marginalized households. Gilgit-Baltistan 
(GB) in Pakistan, for example, is an important producer of 
fruit, but the lack of storage, packing, and transportation 
facilities, as well as improper handling, result in post-harvest 
losses of up to 59% of fruit crops, with a particularly high 
proportion of wastage for perishable commodities like 
mulberry, peach, and pomegranate (Fig. 9.9). Post-harvest 
losses of vegetables are also high at up to 40% (Rasul and 


Fig. 9.9 Post-harvest losses in 100 
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Hussain 2015). In Balochistan Province, people feed a 
substantial portion of harvested fruit and vegetables to their 
livestock due to the limited access to markets (Rasul et al. 
2014). 

In Nepal, the private sector is heavily engaged in the food 
commodity trade in the plains, but its role in hill and 
mountain areas is limited due to the poor transportation 
infrastructure. Many mountain districts are not yet 
well-connected to central and regional markets such as 
Kathmandu and Biratnagar, and even district headquarters 
are often not well-linked to remote areas in the district. The 
poor connectivity means that the food trade in hill and 
mountain areas has been minimal, while the high cost of 
transportation and relative isolation from functioning mar¬ 
kets, means that the prices of major cereals, such as rice and 
pulses, are generally higher in mountain areas than in the 
Terai (plains). Due to the lack of functioning markets, low 
food availability, and low purchasing power, household 
participation in food markets in hill and mountain areas is 
limited (WFP and FAO 2007), which makes them vulnerable 
to food and nutrition security. 

A similar situation exists in Bhutan, where much of the 
agricultural production has very poor access to market out¬ 
lets. Access to markets is mainly hindered by the remoteness 
of producers, small production, and difficulty in reaching 
major market centres. This poor market integration particu¬ 
larly alfects the horticultural sector with production of 
potatoes, beans, chillies, vegetables, and mushrooms, and 
orchard products such as apples, mandarins, and walnuts. 

In the mountain states of India, the viability of food mar¬ 
kets also remains challenging (Ghosh and Sharma 2016). 
First, most mountain areas are poorly connected to the plains. 
Second, mountain people have low purchasing power, lead¬ 
ing to poor access to food. Third, farmers from the mountain 
states lack market information related to the prices of agri¬ 
cultural products. And finally, natural hazards such as land¬ 
slides and excessive rain frequently block access to the market 
systems, affecting food accessibility for many poor and vul¬ 
nerable communities (Ghosh and Sharma 2016). 

The constraints of infrastructure and market services 
reduce the productivity of agricultural resources, resulting 
both in seasonal food shortages and restrictions in the 
development of value-added products. This ultimately 
restricts both economic growth and improvement of liveli¬ 
hoods in mountain areas (Partap 2011). 

9.3.9 Depleting Natural Resources 

A large number of people living in rural areas in the HKH 
region depend heavily on natural resources for their 


livelihoods and food security (Rasul 2010; Rasul et al. 
2014), but rapid urbanization, changes in land use patterns, 
and increasing rainfall variability have affected the natural 
resources across the region. Water resources, especially 
springs, are being depleted rapidly across the HKH region 
(Tiwari and Joshi 2012a). Although the causes are not yet 
clear, a range of factors are thought to be responsible, 
including reduced infiltration and increased runoff, changes 
in land use (e.g., mixed forest to plantation, forest to agri¬ 
culture, agriculture to infrastructure, wetlands to drained 
land), changes in agricultural practices (leading to soil 
degradation), and changes in precipitation patterns (e.g., 
from snow to rain, increase in cloudbursts and extreme 
events) (Tiwari and Joshi 2012a, b; Gautam and Andersen 
2017). The amount of surface runoff is also much higher 
from built-up land than from other land categories, particu¬ 
larly forest and areas under cultivation. The land use changes 
and resultant hydrological disruptions have had a direct 
adverse impact on water availability and irrigation potential, 
which has been considerably reduced over the last three 
decades, with reduced groundwater recharge leading to 
drying of springs and streams across the HKH (Rawat 2009). 
For example, in the Hilkot catchment in Pakistan, 52 of 152 
springs were found to have dried up over a five-year period 
(Merz et al. 2004), and Tambe et al. (2012) observed that 
spring yields in Sikkim in India had declined by 50%. The 
loss of basic ecosystem services, and water in particular, has 
had a negative impact on agricultural productivity across the 
region. 

Forests are critical for maintaining soil fertility and water 
recharge, but they are depleting all over the HKH. The 
depletion of forest resources has also had an adverse effect 
on local agricultural systems through reduced supply of 
manure (from livestock fed on forest fodder). A study carried 
out in Uttarakhand, India found that the average supply of 
manure to agricultural land had declined from 15 
tonnes/ha/year in 1980 to 9 tonnes/ha/year in 2010. As a 
result, the productivity of agriculture had declined by nearly 
125 kg/ha (25%). Deforestation has accelerated the process 
of soil erosion due to increased runoff, and the deforested 
slopes have become highly vulnerable to slope failures and 
landslides contributing to the degradation of arable land and 
declining food production (Tiwari and Joshi 2012b). 
Depletion of forests has also resulted in reduced availability 
and consumption of edible wild plant species and fruit in 
mountain areas. 

The increase in prolonged droughts is also contributing to 
the degradation of rangelands and pastures by reducing 
vegetation cover and exposing soil, resulting in reduced 
livestock productivity and further impoverishment of pas¬ 
toral communities (Afzal et al. 2008). 
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9.3.10 Hindrances to Internal Food Movement 
and Cross-Border Trade 

Since mountain regions are highly dependent on the plains 
for food, unrestricted flow of food is critical. However, there 
are some constraints on internal movement of food and 
cross-border trade in the HKH that are hindering efforts to 
achieving food and nutrition security. The constraints 
include high transportation costs and hazards such as land¬ 
slides and floods which restrict movement from the plains to 
the mountains. The high transportation costs lead to higher 
prices for food items in the mountains, often three to four 
times as high as for the same items in the plains. The prices 
of essential food commodities such as pulses, wheat flour, 
and rice, increased tremendously between 2005 and 2015, 
reducing the access to adequate food. The food purchasing 
power of rural people in Uttarakhand decreased by 30-35% 
over this period, exacerbating food insecurity, and poor and 
socially marginalized communities either stopped or drasti¬ 
cally reduced their purchase of nutritious food products 
(Tiwari and Joshi 2012b). In Pakistan, the interprovincial 
movement of food is sometimes halted due to the internal 
food demand of food-producing provinces (Box 9.3). While 
food trade and movement between the HKH countries is 
sometimes affected by economic and geopolitical events, 
again with serious implications for food and nutrition 
security as the disruptions induce food shortages and price 
hikes in the mountain areas (Box 9.4). 

Box 9.3 Interprovincial movement of food in 
Pakistan 

In Pakistan, provincial governments sometimes restrict 
the movement of food to other provinces if provincial 
production is only sufficient for local consumption. In 
2014, the Food Department of Sindh Province banned 
the interprovincial movement of wheat flour to 
Balochistan and Punjab in order to fulfil the local 
requirements in Sindh (The Nation 2014a). The Pun¬ 
jab government also imposed a ban on the inter¬ 
provincial movement of wheat in 2014 to achieve its 
wheat procurement target (a repeat of the ban in 2003 
and 2004 [Dawn 2004]); the pace of procurement was 
far below the wheat procurement target of 4 million 
tonnes set by the provincial government (The Nation 
2014b). These bans on food movement resulted in 
food shortages and price hikes in the wheat¬ 
demanding provinces, particularly in the mountains. 
Gilgit-Baltistan and adjacent mountain regions have 


suffered severely in terms of food availability and 
accessibility amidst such restrictions and legal 
constraints. 


Box 9.4 Constraints to cross-border food trade 

Food trade between the HKH countries is sometimes 
constrained by changes in bilateral diplomatic rela¬ 
tionships. For example, the movement of food and 
non-food items from India to Nepal was affected 
during the last quarter of 2015 due to political unrest 
and road blockade in the Terai belt, resulting in food 
and nutrition vulnerability in remote mountain areas as 
basic food items, medicines, and cooking fuel became 
unavailable (WSJ 2015). There is some evidence that 
food movement from Pakistan to Afghanistan is also 
occasionally affected due to changes in bilateral rela¬ 
tionships. In May 2016, the Torkham border between 
these two countries was shut, resulting in stoppage of 
trade of food and non-food items (Aljazeera 2016). 
A regional mechanism is needed to ensure that bilat¬ 
eral diplomatic relationships between countries do not 
affect the cross-border movement of food items in 
order to avoid food crises. 


9.3.11 Inadequate Access to Improved Drinking 
Water, Sanitation, and Hygiene 

Nutritional status is strongly influenced by access to ade¬ 
quate quantity and quality of water, as well as to sanitation. 
Water and sanitation are critical for healthy lives, but despite 
many efforts, access to safe drinking water and sanitation is 
still limited in the HKH (Table 9.9). Except in Bhutan, a 
significant portion of the population in the HKH countries 
depends on unimproved and unsafe water sources. The sit¬ 
uation is quite serious in Afghanistan, where 45% of the 
population still use unsafe water, and in Myanmar, where 
19% of the population use unsafe water. 

A large part of the population in the HKH is also deprived 
of improved sanitation facilities (Table 9.9), especially in 
Afghanistan where more than half of the population have no 
or unimproved sanitation facilities. Open defecation also 
remains common in many countries; and is the common 
practice for 30% of the population in the mountains of India 
and Nepal and 23% in Pakistan. 
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Table 9.9 Access to safe drinking water and sanitation 


Country/region 

Source of drinking water (%) 

Sanitation facilities (%) 


Improved 

Unimproved 

Improved 

Not improved 


Piped to 
premises 

Other 

Surface 

water 

Other 

Individual 

Shared 

Unimproved 

Open 

defecation 

Afghanistan 

12 

43 

6 

39 

32 

12 

43 

13 

Bhutan 

58 

42 

0 

0 

50 

28 

20 

2 

Myanmar a 

8 

73 

5 

14 

80 

12 

4 

4 

Nepal 

24 

68 

2 

6 

46 

18 

4 

32 

Mountain states India 

- 

87 

- 

13 

43 

2 

23 

32 

Mountain provinces/administrative 
units Pakistan 

37 

48 

10 

5 

61 

8 

7 

23 


a No mountain specific data for Myanmar available; national level data used as a proxy 

Source Rasul et al. (2016); MoNPED and MoH (2011); WHO-UNICEF (2015); UNICEF and PBS (2011) 


Water and sanitation are linked to human health and 
nutrition. Inadequate access to safe drinking water and poor 
hygiene may lead to water-borne and infectious diseases, 
which can seriously affect food absorption 
(Pinstrup-Andersen 2009). It is the poor who do not have 
capacity to invest in water and sanitation, and they suffer the 
most in relation to water-borne diseases and malnutrition. 

9.3.12 Inadequate Recognition of Mountain 
Specificities in Existing Policies 
and Programmes 

All the HKH countries have been pursuing policies and 
programmes aimed at achieving food and nutrition security. 
Although these policies have contributed to increased food 
production in the plains areas, poor understanding and 
inadequate recognition of mountain specificities means that 
they have been less effective in achieving food and nutrition 
security in the mountains. There is limited investment in 
research and development on mountain crops particularly on 
traditional nutritional crops. As a result, their productivity 
has remained low compared to that of rice and wheat. 
Research on traditional crop varieties has largely been 
neglected by both national and international research agen¬ 
cies and traditional crops have been deprived of the devel¬ 
opment of improved varieties (Padulosi et al. 2012). 
Moreover, the limited understanding of the different con¬ 
straints and opportunities faced by mountain communities 
due to the specific biophysical environment and 
socio-economic conditions has resulted in a tendency to use 
a one-size-fit-all approach to plains and mountain areas (Sati 
2015; Ghosh and Sharma 2016). Detailed analysis of exist¬ 
ing policies and programmes is beyond the scope of this 
assessment; however, the following provides a brief 
country-wise overview of some of the most relevant policies 


and programmes with implications for food and nutrition 
security in the mountain areas, starting with India which has 
one of the more extensive systems. 

India has the world’s largest social security system and 
has been implementing a number of food safety programmes 
including providing subsidized food to poor and vulnerable 
people through a public distribution system and fair price 
shops. Although the public distribution system has played a 
great role in improving household food security in the plains, 
these programmes have had little impact on improving food 
and nutrition security in mountain areas due, among others, 
to insufficient infrastructure, high transportation costs, and 
poor targeting (Dame and Nusser 2011; Sati 2015; Ghosh 
and Sharma 2016). The cost of transporting food to remote 
mountain areas can be prohibitively high, and weak trans¬ 
portation facilities and poor information exchange between 
mountain communities and administrative centres in the 
lowlands often hinder the delivery of subsidized food to 
remote mountain areas (Sati 2015). A recent study in North 
East India (Mizoram) found that a large number of house¬ 
holds were dissatisfied with the way the fair price shops 
functioned; of 16 fair price shops, only five were functioning 
regularly (Sati 2015). 

Moreover, the focus of the public distribution system is 
on meeting calorie targets with less attention paid to nutri¬ 
tional diversity. The aim of the National Food Security Act 
(NFSA) of India is to provide rice and wheat to low income 
groups (i.e., people below the poverty line). It does not 
address the issue of nutrition insecurity by providing diverse 
food items such as pulses and other traditional food grains, 
or fruit and vegetables (Burchi et al. 2011; Beddington et al. 
2012). The NFSA seems to target eradication of hunger but 
not malnutrition. Providing only wheat and rice at subsidized 
prices does not address micronutrient deficiency or hidden 
hunger and can be counterproductive, as farming households 
often give up cultivation of nutritious NUS such as millet, 
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barley, and sorghum due to the availability of subsidized 
wheat and rice, as reported by Dame and Niisser (2011) in 
Ladakh. Further, the national food grain sector will have to 
grow by 3.8% annually to meet the quantity of food grain 
required under the NFSA, either through increased produc¬ 
tion or increased imports (Sengupta and Mukhopadhyay 
2016). If India chooses to increase domestic production of 
rice and wheat, land use patterns are likely to change and a 
significant proportion of the area under cultivation of crops 
such as pulses, vegetables, fruit, and traditional crops could 
be allocated to rice and wheat. It is likely that traditional 
food crops would be most affected. Another important aspect 
of food and nutrition insecurity in the mountain areas in 
India is the inefficiency of food grain procurement, trans¬ 
portation, and distribution via the Central Pool by the Food 
Corporation of India (Likhi 2014). In the past, food grain 
under the public distribution system failed to reach the tar¬ 
geted beneficiaries owing to the lack of proper identification 
of recipients and mismanagement of subsidized food grain at 
various layers of distribution. 

At the same time, there are a number of promising 
institutional innovations taking place in India that aim to 
stabilize food supplies and ensure food availability during 
seasonal shortfalls. For example, Uttarakhand is establishing 
local grain banks to create buffer stocks against seasonal 
shortfalls; the banks store food at village level and are 
managed by trained women from the community. House¬ 
holds in need can borrow from the banks during the lean 
season, paying the cost of interest on the loan, and return the 
loaned amount after the next harvest. So far, 55 grain banks 
have been set up in food-insecure villages in the state 
(Ghosh and Sharma 2016). 

India is a large country with great variation in ecology 
and topography, and the drivers and level of poverty across 
the plains, mountains, and deserts vary significantly. Hence, 
a single solution with uniform policy instruments (like the 
NFSA) may not be suitable for attaining sustainable food 
and nutrition security across all regions (Pingali et al. 2017; 
Landy 2017). 

In Afghanistan, the Public Nutrition Policy and Strategy 
(PNPS) 2009-13 set objectives to increase awareness about 
nutrition, reduce micronutrient deficiencies, improve health 
care, and ensure that responses to treat or prevent moderate, 
acute, and/or chronic malnutrition are timely and appropriate 
(GoA 2009). The PNPS focused on the supplementation of 
key micronutrients rather than a sustainable solution through 
balanced diets. The policy draft does not plan to diversify 
agriculture systems, despite the huge potential for this. 

In Bangladesh, the government supports communities in 
the Chittagong Hill Tracts (CHT) through the Food Ration 
Programme, providing 30 kg of rice per family per month at 
a cost of 10 Bangladeshi taka per kg. The National Food 
Policy (2006) and the National Food Policy Plan of Action 


(2008-15) do not, however, suggest specific strategies to 
promote sustainable agriculture or non-agricultural income 
opportunities in the region. The CHT is endowed with 
immense biological, cultural, and environmental resources, 
but the area remains one of the most disadvantaged and 
vulnerable in the country and lags behind in almost all key 
development indicators. The food and nutrition security 
scenario is weaker in the CHT than in the rest of the country; 
overall agricultural production is low and requires special 
attention in future policies and programmes (Rasul 2015). 

Food and nutritional security is a national priority for the 
Bhutanese government. Food security in Bhutan has 
improved over the years due to land and food acts imple¬ 
mented under the government’s Vision 2020 and the 
National and Nutrition Security Policy of Bhutan 2012. 
Although Bhutan has very limited arable land (8% of total 
land), subsistence agriculture and crop diversification are 
very common resulting in greater food security at the 
household level (Tobgay 2005). Food and nutritional secu¬ 
rity at national level mostly depends on imports. Future 
challenges for food security could come from conversion of 
the limited productive agricultural land into residential land, 
loss of productivity, increased reliance on imported food, 
and loss of food diversity in the local food system (Ura and 
Kinga 2004). Studies have highlighted Bhutan’s vulnera¬ 
bility to these in the context of future food security and 
policy directions (De Janvry and Sadoulet 2008). 

Food production, distribution, and marketing systems are 
relatively better in China. Recently, China announced its 
National Programme for Food and Nutrition (2014-20) to 
further improve the food supply, facilitate balanced nutri¬ 
tion, and coordinate food production and consumption. The 
aim is to improve the overall health of all Chinese people 
and lay a solid foundation for building China into a mod¬ 
erately prosperous society (GoPRC 2014). However, the 
policies and programmes do not suggest separate policy 
steps for mountain areas, nor do they address standards for 
food and nutrition intake for different groups of people 
(based on age, occupation, and gender). 

In Myanmar, a National Plan of Action for Food and 
Nutrition was formulated in 1994, but the prevalence of food 
and nutrition insecurity remains very high, particularly in 
mountain areas such as northern Rakhine, Chin, Kachin, and 
Shan. Food deprivation is inherently linked to issues related 
to land entitlement, poor agricultural roads and other 
infrastructure, technology transfer, markets, and even stor¬ 
age facilities (Pedersen 2014). 

Nepal has a Multi-sector Nutrition Plan (MSNP) 2013- 
2017, and a Food and Nutrition Security Plan of Action 2016, 
as well as various nutrition-related programmes, but a sub¬ 
stantial proportion of the population remains food and nutri¬ 
tion insecure. The twenty or so agriculture-related policies and 
programmes have also failed to address the loss of 10-20% of 
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food grain due to poor handling and lack of proper storage 
facilities (Bhandari et al. 2015), and virtually no policies or 
programmes have region-specific (plains, hills, and moun¬ 
tains) measures. Many hill and mountain areas are suitable for 
the production of nutritionally rich cereals like maize, millet, 
barley, and sorghum, as well as other high nutrition crops, but 
as a result of inadequate supporting mechanisms, farmers do 
not choose to grow them. The mid- and far-western mountain 
regions are more food insecure than others owing to their 
remoteness with poor road networks and poorly developed 
markets. There is no specific provision such as ration cards for 
the food insecure population (FAO/Nepal 2010). The gov¬ 
ernment provides food grain in the form of food-for-work 
programmes with support from the World Food Programme 
(WFP) and other development partners, but this type of 
assistance has only increased the dependence of people on 
food aid, which in the long run is detrimental to food security. 
Food safety nets such as the Nepal Food Cooperation 
(NFC) supply cereals and pulses to food insecure areas in 
Nepal, and there are programmes to provide subsidies on 
fertilizers, seeds, and transportation of agricultural inputs. The 
private sector is also involved in distribution of agricultural 
inputs and services. For example, the Nepal Seed Company 
supplies improved varieties of crop seeds, the Agriculture 
Inputs Company supplies subsidized chemical fertilizers, and 
recently, financial institutions have started providing livestock 
and crop insurance services. Despite many efforts and an 
overall increase in calorie intake, stunting and underweight 
have remained high in mountain areas relative to the national 
average (Rasul et al. 2018). Development interventions have 
been less effective in many remote districts, and these regional 
disparities, coupled with social discrimination against women 
and other marginalized groups, have remained a major chal¬ 
lenge to improving food and nutrition security in many hill and 
mountain areas. 

Pakistan has made significant progress in wheat, rice, and 
livestock production over the years (ASP 2012). The 
national Food Security Policy has not yet been implemented, 
but the country has a number of food and nutrition security 
programmes implemented by various ministries. Pro¬ 
grammes like school food, safe motherhood, and child 
nutrition implemented by the provincial education and health 
departments with the assistance of WFP, WHO, UNICEF, 
and UNESCO have been providing assistance to approxi¬ 
mately two million households. Pakistan has placed greater 
emphasis on addressing the supply side of food security, 
focusing specifically on maintaining wheat self-sufficiency. 
The government procures wheat from farmers through the 
Pakistan Agricultural Storage and Services Corporation Ltd. 
and bears the cost of storage, handling, and other incidentals. 
The wheat is then resold through government-owned ‘utility 
stores’ at a subsidized rate, together with other subsidized 
food items such as sugar and oil. Highly subsidized wheat 


and wheat flour are supplied to some mountain areas such as 
Gilgit-Baltistan. There are two big challenges to food and 
nutrition security in Pakistan. First, all programmes have 
focused on selected food items such as wheat, rice, poultry, 
and sugarcane, in terms of input supply, support prices, and 
market mechanisms. Second, the production costs of agri¬ 
cultural commodities are very high, which has led to high 
consumer prices, even with subsidies. The high levels of 
poverty in vulnerable areas like the mountains mean that 
people do not have sufficient purchasing power even for 
subsidized food items, which again leads to higher food and 
nutrition insecurity (Hussain and Routray 2012). 

There is a need in all the HKH countries to address the 
specific circumstances of mountain regions in the national 
agenda and establish specific policy instruments for food 
security in mountain regions that reflect the vulnerability 
resulting from the specific climatic, environmental, and 
socioeconomic conditions. Some countries such as Bangla¬ 
desh, Myanmar, Nepal, and Pakistan are also in the process 
of implementing national zero hunger initiatives. These 
initiatives also need a mountain-specific and nutrition sen¬ 
sitive perspective. 


9.4 Potentials and Emerging Opportunities 
in the Mountain Areas 

Although there are several challenges to overcome, there is a 
wide range of opportunities and potentials that could be 
tapped to achieve sustainable food and nutrition security in 
the mountains of the HKH. The main possibilities are 
summarized in Table 9.10 and discussed in more detail in 
the following sections. 

9.4.1 Tapping the Benefits of Local Food 
Systems 

Integrating NUS such as barley, sorghum, millets, buck¬ 
wheat, pulses, and beans into local food systems will reduce 
the climatic and economic risks associated with dominant 
cereals such as wheat, fine rice, and maize, and cash crops. 
NUS are richer in micronutrients (Table 9.11) and more 
resilient to climate stresses (Padulosi and Hoeschle-Zeledon 
2004). Dominant cereals and cash crops (food and non-food) 
are often more input intensive and susceptible to crop fail¬ 
ure, seasonality, price shocks, and market forces, and can 
constitute an unadvisable level of risk for poor farmers 
(Tulachan 2001; Jenny and Egal 2002; ICIMOD 2008). In 
addition to diversification of food production, the range of 
food products prepared from NUS could also be increased to 
make them more inviting and to improve market demand 
(Adhikari et al. 2017). 
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Table 9.10 Opportunities and potential for food and nutrition security 


Area of opportunity 

Potential improvements 

Dimensions of food and nutrition 
security likely to improve 

Potential of local food systems 

• Improved food production 

• Improved food production diversity and dietary diversity 

• Improved farm income 

• Food availability 

• Food utilization 

• Food accessibility 

Potential of local breeds of 
livestock 

• Improved livestock production, conducive to improved food 
supply and income 

• Food availability and 
accessibility 

Potential for vegetables, fruit, nuts, 
and tea 

• Improved production of vegetables, fruit, and nuts 

• Improved production diversity 

• Improved farm income 

• Food availability 

• Food utilization 

• Food accessibility 

Potential for efficient use of natural 

resources 

• Improved watershed and springshed management and improved 
use of water from springs, snowmelt, and glaciers 

• Improved rangeland management 

• Improved production of non-timber forest products (NTFPs), 
conducive to improved income 

• Food availability 

• Food availability 

• Food accessibility 

Non-farm income opportunities: 
tourism, handicrafts, and others 

• Improved income 

• Food accessibility 

Productive use of remittances 

• Improved income and purchasing power for diverse food items 

• Improved livelihoods 

• Improved adaptive capacity to climate change 

• Food accessibility and 
utilization 

• Food availability and health 
status 

• Food availability 

Prospects for regional connectivity 

• Improved food trade 

• Food availability 


Table 9.11 Nutritional value of neglected and underutilized food crops 


Crop 

Botanical name 

Nutritive value per 100 g 



kcal 

Protein 

(g) 

Dietary fibre 
(g) 

Thiamine 

(mg) 

Riboflavin 

(mg) 

Calcium 

(mg) 

Iron 

(mg) 

Zinc 

(mg) 

Amaranthus (seed, 
black) 

Amaranthus 

cruentus 

356 

14.6 

7.0 

0.0 

0.0 

181.0 

9.3 

2.66 

Pearl millet 

Pennisetum 

typhoideum 

348 

11.0 

11.5 

0.3 

0.2 

27.4 

6.4 

2.76 

Barley 

Hordeum vulgare 

316 

10.9 

15.6 

0.4 

0.2 

28.6 

1.6 

1.50 

Sorghum 

Sorghum vulgare 

334 

10.0 

10.2 

0.4 

0.1 

27.6 

4.0 

1.96 

Quinoa 

Chenopodium 

quinoa 

328 

13.1 

14.7 

0.8 

0.2 

198.0 

7.5 

3.31 

Little millet 

Panicum miliare 

346 

10.1 

7.7 

0.3 

0.1 

16.1 

1.3 

1.82 

Foxtail millet 

Setaria italica 

332 

8.9 

6.4 

0.3 

0.2 

15.3 

2.3 

1.65 

Finger millet 

Eleusine coracana 

321 

7.2 

11.2 

0.4 

0.2 

364.0 

4.6 

2.53 

Maize (dry) 

Zea mays 

334 

8.8 

12.2 

0.3 

0.1 

8.9 

2.5 

2.27 

Wheat (whole) 

Triticum aestivum 

322 

10.6 

11.2 

0.5 

0.2 

39.4 

4.0 

2.85 

Rice (raw, milled) 

Oryza sativa 

356 

7.9 

2.81 

0.05 

0.05 

7.49 

0.65 

1.21 


(Source Longvah et al. 2017) 


NUS offer a good option in terms of bringing a balance to 
local food systems and improving farmers’ income provided 
proper value chains are developed for these crops. In recent 
years, increased dependence on external food crops and 
processed snacks and drinks in place of NUS has made 
mountain people more vulnerable to food and nutrition 
insecurity. Price shocks in food-producing areas and natural 


disasters (such as floods and landslides) may result in 
restricted food supplies and price hikes. Strengthening 
local food systems by promoting NUS can help improve the 
stability of local food supplies and reduce dependence 
on external food items. In some cases, they can also gen¬ 
erate income from increased demand in local markets 
(Fig. 9.10). 
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Fig. 9.10 Cultivation of millets and local beans in Gatlang VDC, 
Rasuwa District, Nepal. Households in Gatlang still depend on NUS for 
both food and income; they sell NUS to local resorts and small hotels in 

Marketing of NUS products has improved in recent times. 
For example, in Nepal, products like oatmeal, buckwheat 
flour, and millet cakes can now be purchased in major 
supermarkets. The demand for such products is increasing 
steadily with increasing consumer awareness. NUS are 
recently relabelled as ‘Future Smart Foods (FSF)’ due to 
their potential for nutrition enhancement, climate change 
resilience, and diversification of cropping systems. The FAO 
Regional Office for Asia and the Pacific and its partners have 
agreed to recognize, identify, nand promote the comple¬ 
mentarities of NUS with existing staple crops in local food 
systems (FAO 2017). 

The more than 250 different types of fermented foods 
linked to the diverse ethnic cultures in the Himalayan region 
(Tamang 2009) also offer a potentially valuable source for 
improved nutrition. These naturally fermented foods support 
nutrition in a variety of ways including bio-preservation of 
perishable food, bio-enrichment of food to increase 


Guljung and Saybrubesi to prepare speciality local food for tourists 
(Photo Bhuwan Thapa) 


nutritional value, and health benefits such as protective and 
therapeutic properties (Tamang et al. 2012). 

9.4.2 Local Breed Livestock 

Historically, local breeds of poultry and livestock were, and 
often still are, a very important source of food for mountain 
people. For example, in mountain areas such as upper Chi- 
tral and Gilgit-Baltistan in Pakistan and upper Rasuwa 
District in Nepal, yak and chauri (a cross breed of yak and 
cow) are the main sources of milk and cheese. Similarly, 
local breeds of goats and sheep are still important sources of 
food security and livelihoods for many mountain people 
(Rasul and Hussain 2015). Overall, the population of local 
breeds of livestock has decreased over time in high elevation 
areas due to changing priorities for types of livestock as well 
as climate-induced degradation of rangelands and 
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grasslands. In particular, the population of yak is in decline 
in India, Nepal, and particularly Bhutan (Wu et al. 2016). 
Policies have favoured the introduction of improved breeds 
in both mountains and plains, but in mountain areas these 
breeds can prove more vulnerable to extreme weather con¬ 
ditions, disease, and seasons with poor production of grass 
and fodder. As with crops, local breeds are adapted to the 
harsh conditions in mountains and are better integrated into 
the complex mixed farming system that makes the most of 
mountain resources while increasing resilience against dis¬ 
aster. In high altitude mountains, agricultural practices can 
be diversified by including traditional food crops and local 
breed livestock, which can provide multiple livelihoods to 
smallholder farmers and secure sustainable and diversified 
food. 


9.4.3 High Value Mountain Crops 

Mountain areas have a huge potential for growing vegeta¬ 
bles, fruit, nuts, and tea. In Pakistan and Nepal, for example, 
mountain areas contribute substantially to the national pro¬ 
duction of several fruits and nuts (Fig. 9.11), and in some 
mountain areas of China, India, Nepal, and Pakistan, the 
production of vegetables, fruit, and nuts has increased 
despite the climatic and socioeconomic changes (Hussain 
et al. 2016). A substantial proportion of households observed 
an increase in the production of summer vegetables and fruit, 
especially apples, cherries, apricots, and walnuts in the 
Upper Indus basin in Pakistan; of summer potato, onion, and 
vegetables in the Koshi basin in Nepal; of tea in the eastern 
Brahmaputra basin in India; and of walnuts, tea, garlic, 


tobacco, and sugarcane in the Salween and Mekong basin in 
China. The local people attributed this increase to the 
changing climate, suggesting that climate change could also 
have some positive impacts on mountain agriculture. 

The climatic conditions in mountain areas are conducive 
for growing high-quality seed potatoes, vegetable seeds, 
off-season vegetables, and medicinal plants, which is reflec¬ 
ted in the relatively high production. There is also a huge 
potential for beans, cucumber, lady finger, onions, peas, spi¬ 
nach, and tomatoes (Rasul and Hussain 2015). Many moun¬ 
tain areas make a significant contribution to the national 
production of fruit and vegetables, for example mountain and 
hill regions in Nepal contribute 42% of total national veg¬ 
etable production (MoAD 2015), but there is still a huge 
potential for enhancing fruit and vegetable production and 
increasing local income across the HKH. Overall, the 
mountain areas of China (e.g., Yunnan Province) perform 
much better than mountain areas in the other HKH countries 
(Hussain et al. 2016). But Balochistan, Khyber Pakhtunkhwa, 
and Gilgit-Baltistan in Pakistan already contribute substan¬ 
tially to the national production of apples, apricots, cherries, 
figs, grapes, loquats, peaches, pears, persimmons, pome¬ 
granates, plums, walnuts, and almonds, even though the 
potential is not yet fully realized. Pakistan exports several 
types of fruit and nuts produced in the mountains, including 
apricots, cherries, figs, plums, sloes, peaches, pine nuts, and 
walnuts, and this could increase if production increases 
(Rasul and Hussain 2015). Particularly in India, the mountain 
states are still underutilized and their contribution to national 
fruit and vegetable production is limited (Gol 2014b). There 
is, for example, a huge scope for the production of apple in 
Kinnaur district of Himachal Pradesh. 


Fig. 9.11 Main fruits grown in 
the hills and mountains of Nepal 
0 Source Mo AD 2015) 



Mountains and hills 


Terai (plains) 
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9.4.4 Sustainable Use of Natural Resources 

Mountain areas are rich in natural resources, such as water, 
forests, rangelands and pasture, biodiversity, and valuable 
minerals. Sustainable mountain food security cannot be 
achieved unless the productive resources and the natural 
environment are conserved and access and optimal utiliza¬ 
tion ensured. 

Rangelands are a very important natural resource for 
livestock production and food security in high elevation 
mountain areas, particularly for pastoral communities 
(Hussain et al. 2016). The substantial rangelands in the 
mountains of Pakistan, for example, are vital to livestock 
grazing, one of the main sources of food and income for 
mountain communities (Table 9.12). Rangelands are the 
main free-grazing areas for livestock in general and small 
ruminants (goats and sheep) in particular. In addition, they 
also provide environmental services such as carbon 
sequestration, watershed management, biodiversity, and 
ecotourism (Mirza et al. 2006). However, climate-induced 
changes in precipitation, combined with overgrazing, are 
leading to degradation of vegetation cover, deterioration of 
soil, and lowered productivity for the rangelands themselves 
and the livestock that feed on them. Corrective actions to 
conserve and enhance the productivity, sustainability, and 
ecological health of the rangeland ecosystem would signif¬ 
icantly improve food security in the high mountains (Afzal 
et al. 2008). 

Forests are a direct source of food for people in some 
areas, especially where access to market centres is limited. 
For example, the tribal communities in Meghalaya and 
Manipur states in India eat several edible plants and fruits 
from the forest (Sawian et al. 2007; Gangte et al. 2013). 
Non-timber forest products (NTFPs) can also play a vital role 
in food security and livelihoods. The mountains of the HKH 


are endowed with NTFPs, such as medicinal and aromatic 
plants and honeybee products. Some mountain plants (e.g., 
seabuckthom, wild thyme, black cumin, chamomile, and 
stevia) and minerals (e.g., salajeet) are widely used for 
medical purposes across the HKH (Rasul et al. 2014). In the 
high elevation Skardu valley in Pakistan, 70% of the flora 
and animal products used for medicinal purposes were from 
wild species, and 70-80% of local people depended at least 
to some extent on traditional medicines, using plants to cure 
common ailments (Bano et al. 2014). Women, especially, can 
play a pivotal role in preserving unique species of medicinal 
and other plants if properly trained. 

In the HKH, the collection, processing, and marketing of 
NTFPs suffers from a variety of problems and the problems 
of poor harvesting practices, poor storage, poor access to 
market, and over exploitation will need to be addressed in 
order to tap the full potential of NTFPs and enable mountain 
communities to reap adequate benefits (Rasul et al. 2008). 
According to the World Health Organization, the global 
market for herbal products is over USD 60 billion (Nirali 
and Shankar 2015). Although a significant portion of the 
supply of raw materials for these herbal products originates 
in the HKH, much of the benefit accrues to people and 
places far away. There is a great potential to generate more 
income locally by supporting mountain people to develop 
new livelihood options and derive greater benefits from high 
value products. 

Mountains are also rich in water resources, such as 
springs, streams, snow cover, and glaciers. These resources 
are generally underutilized, and there is a vast scope to 
manage them better to support diversification of agricultural 
production. For example, construction of micro-irrigation 
systems for glacial meltwater could provide considerable 
support for agricultural diversification in Hunza and Nagar 
(Pakistan). However, meltwater irrigation systems have 


Table 9.12 Non-crop options for mountain food and nutrition security in Pakistan 



Mountains 

Plains 

Balochistan 

FATA 

KPK 

AJK 

GB 

Punjab and Sindh 

Livestock 

Livestock heads per capita 

3.7 

1.8 

1.0 

0.9 

1.1 

0.8 

Livestock units (LUs) per capita 3 

0.6 

0.4 

0.3 

0.2 

0.2 

0.3 

Sheep and goats 

Population (‘000) 

24,589 

4,784 

12,962 

1,577 

1,565 

42,723 

Animals per capita 

3.2 

1.3 

0.6 

0.5 

0.9 

0.4 

Rangelands 

Proportion of rangelands in total 
geographical area (%) 

78.9 

48.3 

45.1 

53.9 

46 

Forest 

Proportion of forest in total geographical 
area (%) 

4.1 

13.1 

11.6 

9.2 

4.4 

% share in total revenue generated from 
forest products 

1.9 

34.6 

13.8 

0.1 

49.6 


0 Source Rasul and Hussain 2015) 

a Method for estimating LUs adapted from FAO (2005) 
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unique characteristics that distinguish them from other types 
of irrigation system and must be managed with care. Parveen 
et al. (2015) described a very heterogeneous and unstable 
situation in Hunza where communities must constantly adapt 
to drying of channels due to down-wasting, shifting glacier 
tongues, and sudden changes in flow patterns. Meltwater can 
also be used for trout fish farming in high mountain areas. 
Springs and streams are a potential source of irrigation water 
in various mountain districts of Nepal and India. The most 
appropriate type of small-scale irrigation system varies 
across mountain ranges. Piped irrigation systems suit 
mountain ranges that are steeper and more vulnerable to 
landslides, while open channel systems suit less steep areas 
with less chance of landslides. In dry mountain ranges such 
as Gilgit in Pakistan, Mustang in Nepal, and the western part 
of Himachal Pradesh in India, solar-powered irrigation 
pumps may also be used to pump water from streams and 
springs to upland agricultural fields. 

9.4.5 Non-farm Income Opportunities: Tourism, 
Handicrafts, and Others 

It is difficult for mountain regions to become food 
self-sufficient due to the biophysical constraints (Rasul et al. 
2014). To achieve food and nutrition security, it is critical to 
increase the income of farmers so that adequate food can be 
purchased in accessible areas. Mountain areas have a huge 
potential for non-agricultural activities. In areas with low 
agro-ecological potential, in particular, non-farm income 
opportunities can be promoted to help secure income and 
improve purchasing power. Tourism is one of the most viable 
industries in the HKH, although its full potential has not yet 
been explored due to lack of know-how, as reflected in the 
national policy agendas of governments in the region. Other 
industries may grow together with the development of tourism, 
especially hotel and restaurant businesses. Tourism can con¬ 
tribute significantly to the local economy if hotels and restau¬ 
rants promote and offer menus prepared from local NUS, 
vegetables, fruit, and nuts (Adhikari et al. 2017). Without 
proper planning, tourism can negatively affect the local econ¬ 
omy and food systems, due to the excessive inflow of instant 
and highly processed food items. But it also offers many 
opportunities, with a huge potential for handicraft and souvenir 
cottage industries (embroidery, wood carvings, shawls, blan¬ 
kets, carpets, baskets, gemstones, and many others) if inte¬ 
grated in tourism planning (Rasul and Hussain 2015). 

9.4.6 Productive Use of Remittances 

Increased out-migration is adding some challenges to 
mountain agriculture by creating labour shortages and 


increasing the workload on women (Hussain et al. 2016). 
However, it also brings new opportunities in the form of 
higher remittances. There is a huge potential to capitalize on 
the remittances through effective investment in small and 
medium local non-farm enterprises, agricultural develop¬ 
ment (for example, irrigation systems, improved seed and 
inputs, plantation of fruit trees, fish farming, and medicinal 
and aromatic plants), and food processing. Such efforts will 
also generate income opportunities for local youth, which in 
turn may lower the rate of future out-migration and 
strengthen food security. A study conducted in the high 
mountain region of Gojal, Gilgit-Baltistan of Pakistan 
showed that out-migration and remittances had a positive 
impact on modernization of farming, improving livelihoods, 
and achieving sustainable development in the mountains 
(Benz 2016). 

9.4.7 Improving Food Transportation Through 
Regional Connectivity 

Regional connectivity plays an important role in 
cross-border trade and food transportation and food security. 
Cross-border trade and transportation facilities can influence 
food transportation costs and food prices (Pyakuryal et al. 
2010). In Nepal, the internal transportation cost of food in 
the mountain region is seven to eight times higher than that 
in the plains areas (Pyakuryal et al. 2010). There can also be 
marked price differences in food across borders in mountain 
areas. For example, a recent study by Agarwal et al. (2017) 
found that the price of various vegetables in Agartala in 
Tripura, a hill state in India, was more than double that 
across the border in Brahmanbaria, Bangladesh, as a result of 
inadequate cross-border trade facilities (Agarwal et al. 
2017). There are a number of opportunities for localized 
cross-border trade between mountain communities 
(Box 9.5). 

Box 9.5 Localized cross-border trade 

In general, trade between countries is driven by 
competitiveness, comparative advantage and differ¬ 
ences in technology, economies of scale or prefer¬ 
ences, natural resources, climatic conditions, and in 
some circumstances strategic trade policies (Nanda 
2012). In mountain areas, the physical isolation of 
communities due to remoteness and limited accessi¬ 
bility is also a key determinant of localized 
cross-border trade. Mountain areas, although divided 
by political borders, are often logistically better con¬ 
nected to each other than to downstream cities in their 
own countries. Accessibility to main cities is further 
reduced in winter and following damage caused to 
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infrastructure by landslides, floods, avalanches, and 
others. Localized cross-border trade could contribute 
substantially to food and nutrition security, particu¬ 
larly in stressful times, but the exchange of agriculture 
and livestock goods needs to be facilitated, and if 
necessary legalized, through formal mechanisms. 

People living in the high elevation areas of Rasuwa 
District in Nepal, for example, may have easier access 
to Tibet Autonomous Region (TAR) in China for 
exchange of goods and services than to market centres 
in Rasuwa such as Syabrubesi and Dhunche. Farmers 
in the high areas of Rasuwa grow traditional food crops 
such as barley, millet, and beans, and raise livestock 
such as goats, sheep, yak and chauri and could either 
sell or exchange these products for other food products 
with people in Tibet if cross-border arrangements were 
in place. This localized trade could reduce the vulner¬ 
ability of local communities on both sides of the border 
and help improve food and nutrition security. Similar 
areas can be identified along the borders of Nepal and 
India, Pakistan and China, and other HKH countries. 

There is also a potential for more distant cross-border 
trade. A number of fruits, vegetables, handicrafts, and other 
products from mountain regions of the HKH are quite 
popular across the world. If incentives for trade liberalization 
and market competitiveness can maintained through appro¬ 
priate regulation, and proper value chains established that 
ensure that an appropriate part of the benefits of products 
accrue to the producers, then the livelihood patterns of 
mountain people can be improved. For example, cherries 
grown in Gilgit (Pakistan) are being exported to the Middle 
East through the establishment of a well-connected and 
regulated supply chain. Similarly, there is high potential for 
creating supply chains for other perishable and 
non-perishable commodities to a whole range of different 
markets in Europe, America, the Middle East, and others. 


9.5 Sustainable Food and Nutrition Security 
in the Mountains: Towards a Strategic 
Approach 

Food and nutrition security remains a major challenge in the 
HKH region. The problem is more severe in remote moun¬ 
tain areas, where agro-ecological potential is low, accessi¬ 
bility is poor, and market infrastructure is weak and fragile. 
The majority of people live in remote rural areas and depend 
heavily on agriculture for food and nutrition, but mountain 
agriculture is highly vulnerable to climate change as a result 
of erratic rainfall with increased floods and increased dry 


spells, changing temperatures and seasons, and higher inci¬ 
dence of pests and disease. Rapid socioeconomic and envi¬ 
ronmental changes, including increased out-migration, 
shortage of labour, limited mechanization, changing food 
habits, decline of traditional nutritious crops, and depletion 
of natural resources, are intensifying the challenge of 
achieving food and nutrition security. 

Challenges to food security in the mountains of the HKH 
dilfer from those in the plains as a result of the constraints 
imposed by harsh biophysical conditions, inaccessibility, 
fragility, seasonal incomes, low economic opportunities, and 
poor access to markets and other institutional services. 
The HKH region needs special attention and mountain- 
specific approaches to address the issues of food and nutrition 
insecurity. Achieving food security and addressing malnu¬ 
trition are fundamental to meeting the SDG-2 goals as well as 
to achieving the goals of other SDGs, including ending 
poverty and improving human well-being. 

Sustainable food and nutrition security cannot be achieved 
in the mountains without implementing a holistic approach 
that works to cope with the challenges specific to the region, 
while simultaneously realizing its potentials and opportuni¬ 
ties. The HKH region needs a balanced strategy between 
food self-sufficiency and market dependence that not only 
encompasses a focus on enhancing production and increasing 
household incomes, but also targets the improvement of rural 
infrastructure for market access and food transportation. Such 
a balanced strategy is laid out below. 

9.5.1 Location-Specific Approach 

The type and level of challenges and opportunities vary 
across the mountain areas in the HKH due to differences in 
the ecological and environmental conditions and in access to 
institutional services. Given the heterogeneity and diversity, 
formulating strategies for food and nutrition security requires 
developing a location-specific approach, that takes the eco¬ 
logical and environmental conditions into account and con¬ 
siders access to markets, information, and other institutional 
services. The mountain areas of the HKH can be divided 
hypothetically into four classes in terms of agro-ecological 
potential and access to markets, information, and institu¬ 
tional services; area-specific strategies for these classes are 
presented in Table 9.13. 

In areas with high agro-ecological potential and good 
access to markets and services, the focus should be on 
exploiting existing potential as much as possible through 
land-use intensification, efficient water use, improved adap¬ 
tations to climate change, crop diversification, development 
of commercial dairies, and growing of cash crops that offer 
higher incomes. Private investment in production and 
post-harvest facilities should be encouraged. In areas with 
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Table 9.13 Area-specific approaches based on agro-ecological potential and access to markets, information, and institutional services 


Agro-ecological 

Access to markets, information, and institutional services 


potential and 
suitability 

Good 

Poor 

High 

Areas with high potential and good access to markets 

and services 

• Promote intensive food production (where possible 
multiple cropping), horticulture, and commercial dairy 
and poultry farming 

• Enhance support for high value cash crops, e.g., fruit, 
nuts, tea, and vegetables 

• Integrate traditional food crops, e.g., millets, barley, 
beans, local maize, in cropping systems, particularly in 
areas above 2000 masl 

• Promote resilient crop varieties and adaptation measures 
in areas with higher climate change impacts 

• Establish fruit processing and storage facilities 

• Encourage private investment in irrigation, fish farming, 
renewable energy, land management, storage, and the 
agro-processing industry through institutional support 

• Improve supply of inputs, credit, insurance facilities, and 
environmentally-friendly machinery (e.g., solar powered 
pumps) for agriculture 

• Encourage spring water management in hills and low 
mountains, and snowmelt/glacial melt water 
management in high mountain ranges 

• Provide incentives for overseas workers to invest 
remittances in small and medium agribusiness in 
mountain areas 

• Encourage women as entrepreneurs/managers in 
agriculture business 

Areas with high potential but poor access to markets 

and services 

• Improve marketing, storage and transport facilities, 
information systems, and extension and credit services 
for fresh fruit, nuts, dried fruit, vegetables, and livestock 
products 

• Strengthen local food systems with a focus on NUS 

• Extend institutional support to promote traditional food 
crops and support value chain development 

• Improve transportation facilities, ICT access, and others 

• Promote high-value non-perishable agricultural products 
such as pulses, medicinal plants, and honey 

• Develop infrastructure to enable utilization of the 
mountains’ high agro-ecological potential 

• Promote livestock and livestock products 
and by-products 

• Improve credit, extension, and insurance facilities for 
livestock 

Low 

Areas with low potential but good access to markets 

and services 

• Promote local products such as crafts (e.g., woodcarving, 
shawls, carpets, caps) and services for markets 

• Promote conservation technologies that enhance 
agricultural potential and utilize local niches and provide 
incentives for conservation 

• Encourage agroforestry, tree farming for timber and 

NTFPs, and medicinal plants 

• Develop local off-farm employment opportunities to 
reduce outmigration 

• Encourage local breeds of livestock such as yak, goats, 
and sheep (mainly pastoralism) in high mountain ranges 
(>2500 masl) 

Areas with low potential and poor access to markets 

and services 

• Provide incentives for conservation and sustainable use of 
resources and develop mechanisms for payments for 
ecosystem services 

• Establish institutional mechanisms to supply subsidized 
food items 

• Encourage non-farm activities, e.g., tourist guides, 
resorts, hotels, and handicrafts 

• Promote subsistence agriculture with zero-tillage, mixed 
cropping, and livestock production 

• Promote ecotourism and recreation 

• Develop and harness environmental services 

Adapted from Rasul et al. (2014) 



high agro-ecological potential but poor access to markets 

and services, the focus should be on removing marketing 
constraints and developing infrastructure and institutional 
support to help exploit existing potential both optimally and 
sustainably. In areas with low agro-ecological potential 
but good access to markets and services, strategies should 
focus on better use of existing facilities to promote local 
breed livestock and non-farm activities, and provision of 
economic incentives and appropriate regulations to support 
sustainable use and management of resources. In areas with 
low agro-ecological potential and poor access to markets 
and services, subsistence use of resources and facilitation of 
out-migration should be targeted to reduce dependence on 


local resources and ensure food security. Agricultural 
extension services and incentive mechanisms need to be 
structured accordingly in the different areas. 

9.5.2 Developing Local Food Systems 

A few general recommendations can be made in addition to 
the area-specific approaches suggested above which may 
apply to all four classes of mountain area. The first is to 
strengthen local food systems, which is very important for 
improving the diversity and quantity of local food produc¬ 
tion and reducing the dependence on food from outside the 
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region. It may not be possible to achieve complete food 
self-sufficiency in mountain areas due to land and environ¬ 
mental constraints, but revitalizing the local food systems 
will reduce the dependence on external food supplies. 
Emphasis should be placed on nutrition-rich traditional crops 
(NUS) and hygienic processing of value-added products. 
Steps should be taken to enhance nutritional knowledge 
about NUS among both farmers and consumers, to build 
farmers’ capacity for NUS production and value addition, 
and to establish community seed banks. Formal guidelines 
could also be given to local hotels and resorts in tourist areas 
to help them include food items prepared from traditional 
food crops in their menus. This will enhance the demand for 
traditional food products and augment income for NUS 
farmers. Elforts are also needed to promote organic agri¬ 
culture and establish a participatory guarantee system to 
support marketing of organic products, and to strengthen 
support for livestock production. Technical assistance and 
institutional support need to be strengthened to increase 
livestock productivity and improve rangeland management 
in order to improve the food security of livestock-dependent 
communities. Bio-fortification of selected cereal crops could 
be considered to meet micronutrient needs, where 
appropriate. 

9.5.3 Strengthening the Agricultural Marketing 
System and Infrastructure 

Local infrastructure and the agricultural marketing system 
need to be strengthened to reduce crop loss and vulnerability 
to food insecurity. Approaches include the use of ICTs such 
as mobile telephones, local FM radio, e-information systems, 
and other mechanisms to improve farmers’ access to market 
information, and improving processing, storage, and distri¬ 
bution systems to reduce post-harvest food losses (also linked 
to SDG 12). Local food storage facilities such as community 
food banks could be established to avoid seasonal food 
shortfall in high elevation areas where snowfall or hazards 
can result in physical isolation. Export competitiveness needs 
to be enhanced through strengthening of technical support 
and making financial assistance available to improve the 
production of organic products, and processing, packaging, 
and marketing. Special incentives and support might be given 
to transporting high value perishable products that are in high 
demand in export markets. Attention needs to be paid to 
establishing a mechanism for cross-border food trade and 
internal movement of food products to facilitate food trade 
across borders. It is also necessary to formalize cross-border 
localized trade/food exchange between border communities 
with limited access to market centres in their respective 
countries, particularly during the winter and monsoon sea¬ 
sons and after natural disasters. 


9.5.4 Managing Water Resources and Other 
Ecosystem Services 

Forests, rangelands, and water resources are an integral part 
of the livelihood and food security of mountain people. They 
provide food, wood, fodder, fuel, medicine, water, and many 
more goods and services. Mountain watersheds need to be 
properly managed in order to cope with climate-induced 
water stresses and ensure the continued flow of water and 
other ecosystem services to downstream areas. Wherever 
possible, hill irrigation systems could be developed in the 
mountains to capitalize on the potential of water from 
springs, snowmelt, and glaciers. In addition, appropriate 
incentive mechanisms, such as payments for ecosystem 
services and access to benefit sharing of genetic resources, 
need to be developed to encourage mountain communities to 
use and manage the genetic resources and watersheds sus¬ 
tainably. As we have argued elsewhere (Rasul 2010, 2014), 
mountain communities also deserve special attention and 
some compensation for the ecosystem services they provide 
to downstream through water and ecological services, and 
their effects on food production in the plains. Elforts need to 
be made to engage communities in natural resource man¬ 
agement, including water, irrigation, forests, and rangelands. 

9.5.5 Promoting Rural Non-farm Economic 
Opportunities 

Rural non-farm economic opportunities, such as 
wage-earning activities, self-employment in commerce, 
manufacturing, and small businesses involving handicrafts, 
tourism, and services, are an important source of income for 
farmers and rural mountain households. Rural non-farm 
income can be an important part of household income and 
helps to secure nutrition status as it allows greater access to 
food. This income may also help to slow rapid or excessive 
urbanization as well as degradation of natural resources 
through overexploitation. All possible non-farm income 
opportunities should be encouraged and supported through 
institutional mechanisms, including capacity building and 
vocational training. Efforts could be made to involve local 
government institutions and the private sector to improve the 
productive use of remittances as investment in local areas, 
which can generate further income opportunities and con¬ 
tribute to food security. 

9.5.6 Strengthening Knowledge on Nutrition, 
Child Care, and Food Preparation 

Improved knowledge of general health, child care, maternal 
health, improved drinking water, sanitation and hygiene, 
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food safety, and food preparation can help to improve the 
nutritional status of mountain people. It would be beneficial 
to establish a large-scale training programme for women in 
the preparation of nutritious diets and to promote ethnic 
Himalayan fermented food. Food and water can carry 
infectious agents; thus, increasing knowledge about them 
and improving practices for the safe handling, storage, and 
cooking of food is also important to reduce risk of food and 
waterborne diseases. Nutrition education should be included 
in the curriculum in primary and secondary schools, and 
special efforts should to be made to empower women, as 
their knowledge and position in decision-making will 
improve the nutrition status of children and families. 

9.5.7 Strengthening Social Safety Nets 

for Remote Mountain Areas and Poor 
and Vulnerable Groups 

At present, social safety net program includes mostly rice 
and wheat commodities. Pulses, millets, and other NUS 
could be introduced into public (food) distribution systems 
to improve the nutritional quality of the food provided. 
Introduction of a minimum support price for nutrition rich 
mountain crops need to be considered. 
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Chapter Overview 


Key Findings 

1. Air pollution in the Hindu Kush Himalaya 
(HKH) is on the rise and regional air quality has 
worsened in the past two decades, with the 
adjacent Indo-Gangetic Plains (IGP) having 
become one of the most polluted regions in the 
world. The causes include rapid urbanization and 
population growth, with emissions from diverse 
pollutant sources—cookstoves, brick kilns, other 
industries, power plants, and transport. However, 


major gaps in our understanding remain due to the 
scarcity of air quality monitoring stations. 

2 . Persistent winter fog and haze have increased 
across the Indo-Gangetic Plains (IGP), leading 
to reduced visibility and elevated air pollution 
just south of the HKH and affecting air quality 
in the HKH as well as in the IGP. The winter fog 
reduces crop yields and affects tourism, impacting 
the lives of millions of people. 

3 . The HKH is sensitive to climate change—air 
pollutants originating within and near the HKH 
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amplify the effects of greenhouse gases and 
accelerate the melting of the cryosphere through 
the deposition of black carbon and dust, the 
circulation of the monsoon, and the distribution 
of rainfall over Asia. 


Policy Messages 

1. To mitigate air pollution and its severe 
socio-economic impacts, investment in clean 
technologies and infrastructure is essential. The 

HKH should focus on leapfrogging directly to 
environmentally-friendly technologies and energy 
options in households, agriculture, industry, trans¬ 
port and 

2. Dedicated national institutions are required to 
address air pollution across multiple sectors and 
scales and implement air pollution mitigation 
policies. These institutions also need to be man¬ 
dated to cooperate and collaborate regionally to 
address trans-boundary air pollution. 

3. Education is essential—the HKH needs more 
mechanisms to enhance knowledge sharing, to 
increase responsiveness to scientific evidence, and 
to promote awareness and behavioural change. 


Air pollution has large impacts on the Hindu Kush 
Himalaya (HKH), affecting not just the health of people and 
ecosystems, but also climate, the cryosphere, monsoon pat¬ 
terns, water availability, agriculture, and incomes ( estab¬ 
lished but incomplete). Although the available data are not 
comprehensive, they clearly show that the HKH receives 
significant amounts of air pollution from within and outside of 
the region, including the Indo-Gangetic Plain (IGP), a region 
where many rural areas are severely polluted. In addition, the 
HKH receives trans-boundary pollution from other parts of 
Asia. This chapter surveys the evidence on regional air pol¬ 
lution and considers options for reducing it, while underlining 
the need for regional collaboration in mitigation efforts. As 
described in Chap. 1, the HKH region is fragile and rapidly 
changing; while the outcome of the interplay of complex 
drivers is difficult to predict, it will have major consequences. 
That holds true for air pollution as well. 

The past decade has seen a rapid rise not only in air 
pollution affecting the HKH ( well-established ), but also 
in our understanding of it. An increasing number of 


atmospheric monitoring stations have been installed 
throughout the HKH and the nearby plains, while several 
important field campaigns have contributed significant 
knowledge about atmospheric processes. Many collect time 
series data on particulate matter with a diameter of 10 pm or 
less (PM 10 ) and with a diameter of 2.5 pm or less (PM 2<5 ). 
Data from these monitoring stations show that air quality has 
strong seasonal and diurnal cycles in most parts of the HKH, 
with both meteorology and emission patterns playing 
important roles in determining concentrations. 

Air pollution varies by season: Ground-level particulate 
matter pollutant concentrations in the HKH are highest 
during the winter months from December to February, and 
lowest during the summer monsoon months from June to 
August ( well-established ). Pollution also varies diumally, 
though in different ways for different pollutants. In many 
plain and valley locations, meteorology and emissions pat¬ 
terns cause morning and evening peaks in PM 10 and 
PM 2 . 5 —while ozone (0 3 ) peaks during the daytime and 
sinks to low levels at night, as a result of dry deposition and 
titration by nitric oxide (NO). Mountaintop and high-altitude 
locations show an afternoon peak in PM caused by the 
up-slope arrival of polluted air masses from lower eleva¬ 
tions; these higher locations do not exhibit the night-time 
drop in 0 3 levels found in the plains and valleys. 

Despite recent improvements in data collection, major gaps in 
HKH air quality networks persist, with many large cities and 
even more mral areas within and surrounding the HKH (i.e., 
IGP) still lack monitoring. These data gaps reflect several 
challenges. First, the topographical heterogeneity and thus 
fine-scale atmospheric variations in the HKH means that 
improved air quality monitoring would require a denser network 
of stations than is required in flat plains. Second, the current use 
of different instruments or protocols at different sites means that 
data from these sites urgently needs to be compared and vali¬ 
dated to produce harmonized data bases. Third, in addition to the 
ground-based observation of air pollution, a full picture would 
also require the measurement of pollutants’ vertical variation. In 
addition, more advanced instruments with higher sensitivity are 
essential for advancing our understanding of air pollution. 

One of the worsening pollution problems now facing the 
southern edges of the HKH and the nearby IGP is regional 
haze during the dry season, augmented by increasing 
instances of persistent winter fog in the past two decades 
( well-established ). In winter months, temperatures over the 
IGP are cold enough for frequent temperature inversion 
episodes—a layer of cool air is trapped near the ground 
under a layer of warm air. This condition suppresses the 
normal tendency of pollutants to rise and disperse over a 
wide area, trapping them instead in a relatively shallow 
boundary layer and causing winter haze to be optically thick 
(as often seen in satellite imagery). Winter air pollution is 
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also exacerbated by increased biofuel burning for heating, 
combined with increased open biomass burning: Higher 
winter-time concentrations have been found at several 
locations in the IGP for carbonaceous aerosols (black car¬ 
bon, BC and organic carbon, OC), for sulphate, as well as 
for nitrate. Finally, dense persistent haze and fog can be 
self-reinforcing: by reducing the sun’s ability to warm the 
land surface, they can further lower surface temperatures and 
perpetuate the inversion effect. For all these reasons, poor 
visibility days can rise as high as 90% during winter 
throughout the IGP. 

The HKH is sensitive to global climate change through its 
impacts on atmospheric dynamics and thermal forcing ( estab¬ 
lished but incomplete). Research also indicates that snow and 
glacier melt are accelerated by absorbing aerosols by up to 
20%. In addition, several climate modeling studies have sug¬ 
gested the importance of aerosol solar absorption in modulating 
summer monsoon circulation and rainfall distribution over 
Asia. Water from seasonal snow and glacial melt provides 
significant resources for regional livelihoods, and monsoon 
rainfall—particularly over southern Asia—is a cmcial fresh¬ 
water resource for the region (constituting over 70% of annual 
rainfall). Thus, as aerosol radiative effects and regional warm¬ 
ing perturb monsoon circulation and the Himalayan cryo- 
sphere, the resulting shifts in rainfall dynamics have critical 
socio-economic as well as environmental implications. 

Air pollutant mitigation is urgently needed in the HKH, 
given the severe impacts of deteriorating air quality and 
increasing haze and winter fog across the region—on health, 
climate, the cryosphere, water resources, agriculture, 
ecosystems, and livelihoods (<established but incomplete). 
Such mitigation will require three elements: 

• Investment in clean technologies and green 
infrastructure. 

• Dedicated institutions and policies, at the local and 
national levels, but also for regional and trans-boundary 
collaboration and cooperation. 

• Behavioural change, supported by knowledge sharing 
and responsiveness to scientific evidence. 

Promising clean technologies exist for mitigation in the 
household, industrial, transport, and energy sectors. At the 
household level, steps include chimney installation and the use 
of cleaner cook stoves—whether with liquefied petroleum gas 
(LPG), biogas, or electricity. Households may be more likely to 
adopt these cleaner fuels and technologies with help from 
government subsidies and credit, as well as through effective 
awareness building and marketing. At the industry level, brick 
producers can reduce fuel consumption and mitigate C0 2 and 
air pollutant emissions by shifting from intermittent or ineffi¬ 
cient kilns (such as clamp kilns or bull’s trench kilns) to more 


efficient types (such as zigzag or Vertical Shaft). Finally, green 
infrastructure policies could significantly reduce short-lived 
climate pollutants (SLCPs) and greenhouse gases through 
stmctural changes to energy and transport systems: For 
example, the HKH countries could adopt tighter vehicle 
emissions and fuel quality standards or design cities that pro¬ 
mote public and non-motorized transport. 

Dedicated institutions and policies are needed, both 
within countries and across national borders. Because air 
pollution in the HKH is regional, its mitigation is—critically 
—a regional responsibility. The region urgently requires 
institutional arrangements that will enable inter-agency 
coordination on air pollution, actively engaging multiple 
stakeholders. To begin with, two constraints need to be 
removed: the lack of a clear division of labour among 
government institutions, and the lack of coordinating 
mechanisms to break down agency silos. 

Public awareness and behavioural change are also 
essential for emissions reduction. For example, people who 
lack adequate solid waste collection services commonly bum 
their trash, generating emissions that can be linked to health 
problems. Raising awareness of these problems can help to 
build public support and pressure for improving services in 
urban areas—and for adopting alternative waste disposal 
methods, such as composting. 

Air Pollution and the Sustainable Development 
Goals 

Air pollution mitigation must be part of any effort to 
meet the Sustainable Development Goals (SDGs), 
especially three: those on health (SDG 3), sustainable 
energy (SDG 7), and climate action (SDG 13). To 
make the connection explicit, we propose three calls to 
action on air pollutants in the HKH: 

• For SDG 3 ( Ensure healthy lives and promote well¬ 
being for all at all ages): Take urgent measures to 
reduce household air pollution from cook stoves in 
the HKH. 

• For SDG 7 ( Ensure access to affordable, reliable, 
sustainable, and modern energy for all): Ensure 
access to affordable, sustainable, and improved 
clean fuel for all people in the HKH. 

• For SDG 13 ( Take urgent action to combat climate 
change and its impacts ): Reduce emissions of 
short-lived climate pollutants (SLCPs)—especially 
black carbon (BC)—by reducing emissions from 
brick kilns, cook stoves, open biomass burning, 
and diesel engines in the HKH. 
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10.1 Observations of Air Pollution 
in the HKH 

Photographs of snowy peaks against blue skies can give the 
impression that the Hindu Kush Himalaya (HKH) has pristine 
air quality. Unfortunately, days when such photographs can 
be taken are becoming increasingly rare. Recent decades have 
seen much of the HKH suffering from major air pollution 
problems. Three urban cities in the HKH, including Peshawar 
(Pakistan), Mazar-e-Sharif (Afghanistan), and Kabul 
(Afghanistan), are on the list of the 20 most polluted cities in 
the world (World Health Organization 2016). During a big 
fraction of the dry season (see Box 10.1 for definition of 
seasons), the heavily populated Indo-Gangetic Plain 
(IGP) just south of the HKH is covered by a thick aerosol haze 
that reduces visibility and obscures sunlight. The haze often 
penetrates deep into Himalayan valleys and at times even 
crosses the Himalaya to reach the Tibetan Plateau. 

Across the region, particulate matter (PM)—both primary 
and secondary aerosols—as well as tropospheric ozone (0 3 )—a 
secondary pollutant—have increased. As illustrated in 
Fig. 10.1, many cities in the HKH have an annual average 
PM 2 .5 concentration higher than the World Health Organization 
(WHO) guideline of 10 pg/m 3 (WHO 2005). Furthermore, in 
12 cities (Allahabad, India; Patna, India; Dehradun, India; 
Delhi, India; Luchnow, India; Ludhiana, India; Peshawar, 
Pakistan; Amritsar, India; Rawalpindi, Pakistan; Narayangonj, 
Bangladesh; Agra, India; Jaipur, India), the annual average 
concentrations are more than 10 times higher than the guideline 
value. Meanwhile the IGP has seen an increase in persistent 
winter fog during the past two decades that is at least partly 
driven by increased air pollution, in addition to changes in 
moisture availability. The historical trends of black carbon 
(BC) reconstructed from lake sediment and ice cores at high 
altitude sites also show a dramatic increase in recent decades, 
starting in the 1960s. This section presents our understanding 
of air pollution in the region based on available observations. 
Throughout the section, the focus will be on PM and gaseous air 
pollutants, including carbon monoxide (CO), nitrogen oxides 
(NO*), sulphur oxides (SO*), and 0 3 . 

Box 10.1 Seasons in the HKH 

When discussing air pollution in the HKH, we gen¬ 
erally talk about two seasons: dry period (October- 
June) and wet period (June-September), which also 
corresponds to the monsoon season. The dry period 
can be further divided into three separate seasons: 
winter (December-February), pre-monsoon (March- 
mid-June), and post-monsoon (October-November). 
These definitions (illustrated in Fig. 10.2) are used 
throughout this chapter. 


In recent years, stations to monitor air pollution have been 
established at a number of key places within and near the 
HKH, both in urban and rural areas. In addition, short-duration 
field campaigns have collected valuable first glimpses into 
pollution levels and temporal patterns of pollutants that are 
otherwise not monitored in those locations. While many 
time-series are short and most datasets do not go back more 
than a few years, they provide some important observations: 

• Air quality in most places has strong seasonal and diurnal 
cycles, with an important role played by meteorology and 
emission patterns. 

• Air pollution levels are generally high outside of the 
rainy season. 

• Air pollution is very much a regional issue, with wide¬ 
spread haze extending across much of the urban and rural 
parts of the IGP and southern HKH foothills during the 
dry season. 


10.1.1 Air Pollution Time-Series and Seasonality 
in the HKH 

Many places in the HKH and surrounding regions suffer 
from unhealthy levels of air pollution. In Bangladesh, we 
find PM levels more than twice the national annual average 
ambient air quality standards for PM 10 (50 pg/m 3 annual 
average) and more than 4.5 times higher for PM 25 
(15 pg/m 3 annual average) (Clean Air Asia 2016). Fig¬ 
ure 10.3 shows monthly average levels of PM 10 and PM 2 5 
collected by the only continuous monitoring station in 
Dhaka, Bangladesh, between 2002 and 2010. We see in the 
figure a distinct seasonal pattern, with highest concentrations 
during the winter months from December to February, and 
lowest concentrations during the summer monsoon months 
of June to August. A similar seasonal pattern was also found 
in PM 10 concentrations in Kathmandu, Nepal (Aryal et al. 
2008), while in Varanasi, India, PM 10 and PM 2 5 were found 
to decrease from January to March (Kumar et al. 2015). 

Although detailed seasonal data are lacking in many 
places, the levels of PM are very high in many cities in the 
region for which data exists, including Islamabad, Pakistan 
(Parekh et al. 2001) and Delhi and Kolkata, India (Gurjar 
et al. 2016). A large population in the region is exposed to 
air pollution that is higher than the WHO annual standard of 
20 ng/m 3 for PM 10 and 10 |rg/m 3 for PM 2 5 (WHO 2005). 
Putero et al. (2015) reported annual PM 10 concentration of 
169 ± 113 pg/m 3 for Kathmandu during the year 2013. 
Kathmandu, Nepal has annual average PM 2 5 concentrations 
of 49 pg/m 3 in 2013, exceeding Nepal’s own 24-h ambient 
standard of 40 pg/m 3 (http://www.who.int/phe/health_ 
topics/outdoorair/databases/cities/en/). 
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Fig. 10.1 Annual average PM 2.5 concentrations in the HKH (Data source WHO 2016, http://www.who.int/phe/health_topics/outdoorair/ 
databases/cities/en/) 
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Fig. 10.2 Illustration of seasons for the HKH (Sources Bollasina et al. 2002; Hindman et al. 2002; Bonasoni et al. 2012) 



PM 2.5 is usually dominated by smoke particles and sec¬ 
ondary aerosols, while PM 10 is more affected by natural soil 
dust (Wilson and Suh 1997). Data from both Dhaka and 
Delhi show a dominated by fine particles—PM 2.5 is a large 
fraction of PM 10 (Gadi et al. 2000). In contrast, Karachi, 


Pakistan, in the arid south-western comer of the IGP, had 
PM 2.5 concentrations of 75 jag/m 3 but PM 10 concentrations 
of 437 jag/m 3 in March-April 2009 (Shahid et al. 2016). In 
addition, it is not only the cities in the region that have high 
levels of air pollution; mral places in the IGP are also 
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Fig. 10.3 Average monthly PM data in Dhaka, Bangladesh, 2002-2010 (Data source Clean Air and Sustainable Environment (CASE), case.doe. 
gov.bd) 


affected, such as Lumbini, Nepal (Rupakheti et al. 2017). In 
places with a lot of dirty fuel combustion, a significant 
fraction of PM 2 .5 is composed of BC, the light-absorbing 
soot that is emitted during incomplete combustion (Shindell 
et al. 2013). 

Although few cities have long enough records to allow us 
to see trends, the satellite data in Fig. 10.4 shows the 
increasing aerosol optical depth in the region over time. In 
Delhi, while levels of PM and NO* have slightly increased 
over the past decade, levels of sulphur dioxide (S0 2 ) and CO 
have come down as a result of converting public vehicles to 
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Fig. 10.4 Longitude-averaged aerosol optical depth between 54.8 and 
108 E (Data source SeaWiFS using NASA’s online Giovanni tool 
(https://giovanni.gsfc.nasa.gov/giovanni/)) 


compressed natural gas (CNG) (Firdaus and Ahmad 2011; 
Gurjar et al. 2016). A study on the health effects of the 
measures found improvements in the respiratory health of 
people who spent the most time outdoors (Foster and Kumar 
2011). Lhasa, Tibet, meanwhile, has seen CO levels remain 
flat from 1998 to 2012, while N0 2 and S0 2 have increased 
substantially as a result of a growing vehicle fleet but 
decreasing biomass combustion (Ran et al. 2014). 


10.1.2 Air Pollution Diurnal Cycle in the HKH 

In the Kathmandu Valley, Nepal, PM 10 and PM 2 5 have been 
found to exhibit morning and evening peaks that are influ¬ 
enced by a combination of emissions patterns and meteo¬ 
rology (Aryal et al. 2009; Panday and Prinn 2009; Panday 
et al. 2009). The pattern of morning and evening peaks is 
also found in CO concentrations in Kathmandu (Panday and 
Prinn 2009), as shown in Fig. 10.5. CO is another product of 
incomplete combustion. The fact that the same pattern 
appeared on weekends and festival days illustrates that 
emission patterns (such as rush hour) alone cannot explain 
the observed pattern, which depended on the formation and 
dissipation of a cold-air pool over the bowl-shaped valley 
(Panday et al. 2009). Similar diurnal patterns have also been 
found in CO and NO* concentrations in Lhasa, Tibet (Ran 
et al. 2014) and in BC in Kanpur, India (Tripathi et al. 2005) 
and in Kharagpur, India (Beegum et al. 2009). 

Figure 10.6 shows the diurnal cycle of BC during four 
different seasons in Pantnagar, a semi-urban site at the 
northern edge of the IGP in Uttarakhand, India, as well as in 
the city centre of Kathmandu, Nepal (Putero et al. 2015; 
Joshi et al. 2016). Both places exhibit clear morning and 
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Fig. 10.5 CO in the Kathmandu 
Valley in October (a) and January 
(b) 2005. Weekends are marked 
in orange and festival days in 
dark yellow shading (Adapted 
from Panday and Prinn 2009) 


(a) October 2004 



(b) January 2005 



evening peaks in BC. Rupakheti et al. (2017) reported that 
the evening peak pollution (BC, CO) concentration values In 
the Kathmandu Valley during the pre-monsoon season in the 
northern IGP was stronger than morning peak values. Sim¬ 
ilar patterns were also found in Kullu Valley in India 
(Sharma et al. 2013). The impact of pollution transport due 
to wind patterns in mountains and valleys was also observed 
in the diurnal cycle of the measured aerosol number con¬ 
centration in the pre-monsoon season, with minimum in the 
afternoon in central Nepal (Shrestha et al. 2010). 

The pollutant gas 0 3 , in contrast, shows a very different 
pattern in many cities in and near the HKH (Bonasoni et al. 
2012). Tropospheric 0 3 is produced by catalytic reactions of 
NO* and volatile organic compounds (VOCs) under sun¬ 
light. In a number of urban areas, 0 3 was found to peak 
during the day and to sink to low levels at night as a result of 
dry deposition and titration by NO (Panday and Prinn 2009; 
Putero et al. 2014; Ran et al. 2014). The daytime peak was a 
result of replenishment from higher altitudes as well as 
photochemical production (Sillman 1999; Panday and Prinn 
2009). Such patterns have been studied in Kathmandu 
(Panday 2006; Pudasainee et al. 2010; Putero et al. 2014), as 
well as in many other cities around the world (Imhofif et al. 
1995). In Chandigarh, 0 3 was found to exceed India’s 
national ambient air quality standard on all except one day in 
May 2012 (Sarkar et al. 2016). 0 3 diurnal patterns are dif¬ 
ferent on mountain tops and at high elevations, as seen in 
Fig. 10.7. In Nagarkot, Nepal (Panday and Prinn 2009), as 
well as in Lhasa, Tibet (Ran et al. 2014) and Nainital, India 
(Kumar et al. 2010; Sarangi et al. 2013), however, 0 3 values 
stay high at night. That is because they have fewer local NO 



Time (1ST) 



Fig. 10.6 Diurnal concentrations of BC during each season at 
Pantnagar, Uttarakhand, India (top; source Joshi et al. 2016) and at 
Paknajol, Kathmandu, Nepal (bottom; source Putero et al. 2015) 


sources and receive 0 3 from the air far off the ground. 
High-altitude locations also receive 0 3 from stratospheric 
intrusions (Kumar et al. 2010; Cristofanelli et al. 2010). 
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Fig. 10.7 Diurnal variations for aerosol particle number concentration 
(Np), surface 0 3 , and C0 2 at Askole in northern Pakistan (3,015 m asl) 
0 Source Putero et al. 2014) 


December 2004 


Fig. 10.8 Diurnal cycle of aerosol number concentrations at Manora 
Peak, Nainital, India (,Source Pant et al. 2006a) 


10.1.3 Air Pollution Observations in High 
Mountain Areas 


While high-altitude sites in the HKH don’t exhibit the same 
alarming levels of air pollution as lowland cities, they are by 
no means unaffected by the regional pollution. Despite the 
lack of significant local pollution sources of their own, high 
mountain areas of HKH receive substantial air pollution 
from the IGP, as seen in data from stations established along 
the Himalaya. On the south side of the Himalaya, compre¬ 
hensive air pollution observations have been carried out at 
several high-altitude sites, such as Nepal Climate Observa¬ 
tory—Pyramid (NCO-P, 5,079 m asl) in Khumbu, Nepal 
(Bonasoni et al. 2010), Manora Peak (1,950 m asl) in North 
India (Ram et al. 2010), and Jomsom (2,900 m asl) in Nepal 
(Dhungel et al. 2016). To the north of the Himalaya, 
long-term observations of air pollution include the Qomo¬ 
langma Station (QOMS) (South Tibetan Plateau, 4,276 m 
asl) (Cong et al. 2015), Lulang Station (Southeast Tibetan 
Plateau, 3,326 m asl) (Liu et al. 2013), and Nam Co (inland 
Tibetan Plateau, 4,730 m asl) (e.g., Wang et al. 2015; Kang 
et al. 2016; Yin et al. 2017). Parameters monitored at these 
sites include BC and PM mass concentrations, aerosol 
optical depth (AOD), CO and 0 3 mixing ratios, as well as 
aerosol and precipitation compositions (OC/elemental car¬ 
bon [EC], ions, elements, and organic tracers). 

Figure 10.8 shows the diurnal cycle of the aerosol number 
concentrations at Manora Peak (1,954 m asl) near Nainital, 
India, overlooking the IGP, and depicts an afternoon peak in 
pollution as aerosols from the IGP travel upslope to reach the 
site over the course of the day (Pant et al. 2006a). BC in 
Nainital follows the same diurnal pattern (Beegum et al. 
2009). This is another common pattern at mountaintop sites 
except during the monsoon season (Dumka et al. 2015). 

Seasonal patterns are different over the Tibetan Plateau: 
Illustrating the unusual elevation of coarse particle loading 


in high mountain areas, high aerosol optical depth (AOD)-an 
indication of significant presence of aerosols in an atmo¬ 
spheric column-was even observed during monsoon season 
at NCO-P (median 500 nm AOD was 0.08 compared to 0.04 
over winter). Such enhancement is in stark contrast to AOD 
over Gandhinagar, an IGP site, where AOD during monsoon 
was at its minimum (Gobbi et al. 2010). As illustrated in 
Fig. 10.9, during the pre-monsoon season aerosols over the 
IGP pile up against the slopes of the Himalaya at elevated 
altitudes. Both in the Kathmandu Valley in the middle hills, 
and at NCO-P near Mount Everest, 0 3 concentrations peak 
during the pre-monsoon season and are the lowest during 
monsoon (Fig. 10.10). 

Glacial ice cores and lake sediments from alpine areas of 
the HKH serve as archives for the long-term changes of air 
pollution (Xu et al. 2009). Kaspari et al. (2011) analysed a 
Mount Everest ice core spanning 1860-2000. They found 
that BC concentrations had increased approximately three¬ 
fold by 1975-2000 compared to 1860-1975, indicating that 
BC from anthropogenic sources is being transported to high 
elevation regions of the Himalaya. The timing of the 
increase in BC is consistent with BC emission inventory data 
from South Asia and the Middle East. Furthermore, Cong 
et al. (2013) have reported the atmospheric BC history over 
the past 150 years using the lake sediments from Nam Co 
Lake (Tibetan Plateau). The results show that BC was rel¬ 
atively constant until 1900, then began to gradually increase, 
with a sharp rise beginning around 1960 with a 2.5-fold 
increase compared to the background level. Clearly, the 
historical records in both ice core and lake sediment in the 
HKH reflect an evidently increasing impact of anthropogenic 
emissions in recent decades, especially from 1960s. Impacts 
of BC on melting of HKH snow and ice is discussed in 
Sect. 10.4.3. 
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Fig. 10.9 Mean MODIS AOD during pre-monsoon season between 2003 and 2006, projected as a function of surface topography (left) and 
CALIPSO back-scatter profile from southern India to the Himalaya (right) (Source Gautam et al. 2009a) 


Fig. 10.10 Mean cycle of ozone 
mixing ratios in Kathmandu 
(top) and at NCO-P (bottom) 

0 Sources Putero et al. 2015; 
Bonasoni et al. 2010) 
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10.1.4 Assessment of Existing Observational 
Networks and Gaps in the HKH for Air 
Quality 

Observations to date have provided valuable information on 
air quality to assess the anthropogenic influences and eval¬ 
uate the effects of radiative forcing on the cryosphere. 
Modellers have also used the observational data to validate 
model performance. Because most of the high-altitude sites 
were set up relatively recently (mostly less than 10 years 
ago), it is still difficult to determine clear long-term temporal 


trends. However, the archives of ice core and lake sediments 
provide information going back further in time. 

Compared to even just a decade ago, there are many more 
atmospheric monitoring stations in the HKH and on the 
nearby plains, while several important field campaigns have 
increased knowledge about atmospheric processes. There 
are, however, still major gaps in the air quality networks: 
Many large cities in the IGP lack air quality monitoring 
stations, as do smaller urban centres and rural areas in the 
HKH, as well as many of the fast-growing urban centres in 
confined valleys within the HKH. There is also an urgent 























10 Air Pollution in the Hindu Kush Himalaya 


349 


need to compare and validate the monitoring data among 
different sites that currently have different instruments or 
protocols to generate a harmonized regional dataset. In 
addition to ground-based observation of air pollution, mea¬ 
surement of the vertical variation of such pollutants is also 
necessary to depict the whole picture. 

Box 10.2 Chinese Academy of Sciences (CAS)- 
coordinated monitoring network of atmospheric 
pollution and cryospheric changes (APCC) over 
the HKH and surroundings 

Discrete and fragmented monitoring based on indi¬ 
vidual sites has been the source for reporting the status 
of atmospheric pollution and glacier changes over the 
HKH region, while a continuous and coordinated 
monitoring network remains deficient. The resulting 
gaps limit our understanding of the distribution and 
origin of atmospheric pollutants and their potential 
impacts on cryospheric changes over the HKH region. 

In early 2013, a coordinated monitoring network 
was initiated to obtain continuous observational data 
and systematic samples from cross-sectional regions 
over the HKH-TP (see Fig. 10.11). The aim was to 
study the distribution, variation, and transport of 
atmospheric pollutants and to assess their impacts on 
cryospheric changes over the region. The network has 
been completed gradually, covering the large spatial 
scale of the HKH-TP. 

To monitor atmospheric pollutants at each site, the 
Chinese Academy of Sciences (CAS) operates a total 
suspended particle (TSP <100 pm) auto sampler, 
loaded with a quartz fibre filter (090 mm), running at 
a flow rate of 100 L/min (LPM) for 24-48 h every six 
days. During pre-monsoon (from March to May), 
when the IGP haze reaches higher altitudes, sampling 
frequency is increased to every two to three days. 
After transport to the laboratory, filters are punched 
into small pieces for analysis of multiple parameters 
including elemental carbon (EC)/OC, soluble ions, 
elements, and other organic matters. Real time obser¬ 
vation (e.g., BC, PM, 0 3 ) has been operated at some 
superstations (e.g., QOMS, Nam Co, Southeast Tibet). 
Note that the terms EC and BC both refer to the most 
refractory and light-absorbing component of carbona¬ 
ceous particles emitted from combustion. The mea¬ 
surement of elemental carbon (EC) is usually through 
thermal evolution and BC is determined by optical 
light-absorption. 

Benchmark glaciers have been chosen for pointing 
observation and periodic sampling to investigate pre¬ 
served atmospheric pollutants, with special focus on 
light-absorbing impurities (e.g., BC, OC, and mineral 


dust) and other relevant snow chemistry. Glacier mass 
balance and meteorological data are recorded for the 
assessment of the impacts of light-absorbing impuri¬ 
ties on glacier melt. The sites are shown in Fig. 10.11. 


Box 10.3 Observatories initiated by ICIMOD in 
Bhutan and Nepal 

Working closely with governments and academic 
institutions in Bhutan and Nepal, ICIMOD has con¬ 
tributed to establishing a network of observatories across 
data-sparse regions of the two countries. At the time of 
writing, this network consisted of air quality stations in 
Thimphu, Pasakha, and Phuentsholing in Bhutan, and in 
Lumbini, Chitwan, Ratnapark (central Kathmandu), 
Pulchowk, and Dhulikhel in Nepal. In addition, a BC 
observatory was established on Yala Glacier in Nepal In 
2016, and its twin was installed at Chele La in Bhutan in 
2018. Two comprehensive ridgetop climate and envi¬ 
ronmental observatories were in preparation in Ich- 
hyakamana, Nepal, and Gedu, Bhutan that, together with 
Manora Peak in India, form a network of three ridgetop 
observatories overlooking the IGP. 


10.2 Worsening Haze and Winter Fog 
in and Near the HKH 

Before the 1950s, Europe and North America were the largest 
sources of air pollutant emissions, and they had the haziest 
skies with significant adverse health impacts (Bell and Davis 
2001 ; Helfland et al. 2001). Since then, the tropics and eastern 
Asia have dominated (Ramanathan and Carmichael 2008). 
Two regions in close proximity to the HKH experience par¬ 
ticularly heavy haze: eastern China and the IGP (Ramanathan 
and Carmichael 2008). The IGP stretches out south and west 
of the Himalaya and is a big source of pollution reaching the 
high mountains. It is an extensive stretch of highly fertile 
agricultural plains covering an area of 700,000 km 2 . It is also 
among the world’s most densely populated regions, inhabited 
by over 900 million people, which is ~ l/7th of the world’s 
population. Over the past several decades, the IGP has 
experienced increasing aerosol haze and winter fog. Data 
going back to 1982 show haze increasing across much of 
northern India (Sarkar et al. 2006). This section discusses the 
worsening haze and winter fog in the region. 

In recent years, many studies have analysed regional haze 
in the HKH, using remote sensing data as described below. 
More attention is also being paid to the recent winter fog 
occurrences in the region. While a lot of the necessary 
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Fig. 10.11 The spatial distribution of observation sites in the APCC network 


measurement data are still lacking, the existing data provide 
some important observations: 

• As air pollution worsens in many cities in the HKH and 
across the IGP (WHO 2016), increased regional haze and 
winter fog episodes, as well as increased 0 3 , have been 
observed in the HKH. 

• Many adverse impacts (e.g., visibility, temperature, and 
health) are associated with regional haze and winter fog. 


10.2.1 Regional Haze Pollution in the HKH 

During the past decade and a half, the aerosol haze that covers 
much of the IGP during the dry season has been studied 
extensively. Measurements of column-integrated aerosol load¬ 
ing retrieved from satellite measurements show the annual 
build-up of haze over the IGP (Di Girolamo et al. 2004; Jethva 
et al. 2005; Gautam et al. 2007). Figure 10.12 shows satellite 
imagery from Terra MODIS, taken on 1 December 2010, with 
the pollution haze extending across parts of Pakistan, India, 
Nepal, Bhutan, and Bangladesh. 


The build-up of the haze, which is sometimes referred to 
as atmospheric brown cloud (ABC), starts in the 
post-monsoon season when, after the rice harvest, paddy 
residue is burned across large parts of the region. It then 
intensifies in December and January (Dey and Di Girolamo 
2010). Winter temperatures are sufficiently cold within and 
surrounding the HKH to allow frequent temperature inver¬ 
sion episodes—atmospheric conditions in which a layer of 
warm air traps a layer of cool air below it close to the 
ground. This condition suppresses the buoyant vertical 
transport of pollutants that would otherwise have dispersed 
over a wider area. Temperature inversion episodes result in 
the trapping of pollutants within the shallow boundary layer 
with low wind speeds (Tare et al. 2006). As a result, an 
optically thick haze layer builds up (as often seen in satellite 
imagery), with pollution dominated by anthropogenic 
emissions from vehicles, industries, and open biomass 
burning, as well as biofuel burning for residential heating 
and cooking. Elevated concentrations of carbonaceous 
aerosols (BC and OC), sulphate, and nitrate have been 
reported over several locations in the IGP (Ganguly et al. 
2006). The suppressed vertical mixing in winter leads 
to plumes of haze getting blown far out over the Bay of 
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Fig. 10.12 Winter haze blanketing the entire IGP, including regions of Pakistan, India, Nepal, and Bangladesh, south of the Himalaya (right) 
0 Source NASA MODIS imagery) 


Bengal by low-level westerly winds (Dey and Di Girolamo 

2010 ). 

The haze becomes denser in the pre-monsoon months, 
when there are additional contributions from wind-blown 
desert dust (Dey and Di Girolamo 2010), most of which 
originates in the Thar Desert (Gautam et al. 2009b), as well 
as from extensive agricultural and forest fires. In Delhi, both 
the total aerosol loading and the proportion due to dust have 
been found to increase over the course of the pre-monsoon 
from March to June (Pandithurai et al. 2008). Throughout 
the dry season, biomass-based cooking fires and increasing 
amounts of emissions from transport and industries also 
contribute to the haze. Vertical profile measurements during 
the pre-monsoon have found high levels of BC up to 4.5 km 
altitude; layers of enhanced BC have been observed as high 
as 8 km above sea level (Babu et al. 2011a). Even during the 
rainy season, significant aerosol build-ups happen during 
monsoon breaks (Dey and Di Girolamo 2010); however, 
decreases of 55-70% in season-average aerosol concentra¬ 
tions have been found in India during the monsoon com¬ 
pared to the pre-monsoon (Hyvarinen et al. 2011a). While at 
a mountain location the combination of cloud and fog 


droplet activation and rain scavenging was found to remove 
particles across all sizes; at an urban site near Delhi, where 
only rain scavenging took place, the finest accumulation 
mode particles were not removed (Hyvarinen et al. 2011b). 

10.2.2 State of Current Knowledge About Haze 
in the HKH 

The Indian Ocean Experiment (INDOEX) field campaign in 
1999 discovered the broad extent of regional haze over the 
Indian Ocean, and in subsequent years there was a realiza¬ 
tion that the haze was also very widespread over the IGP 
(UNEP 2002). This realization was further cemented with 
the advent of NASA’s satellite sensors, MODIS and MISR 
(Mehta 2015), which provided daily views from space (Di 
Girolamo et al. 2004). In the almost two decades since then, 
hundreds of papers have been published on various aspects 
of the haze over India, and a smaller number on the haze 
over Bangladesh, Nepal and Pakistan. As a result, we have a 
fairly good understanding of its temporal variations and 
horizontal extent, chemical composition, and physical and 
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Fig. 10.13 Fog frequency from 
82 stations over India and 
Pakistan from 1976 to 2010 (Syed 
et al. 2012). The regimes are 
defined using a mean fog fraction 
during the time period. Regime-1: 
6.1%, Regime-2: 10.1%, 
Regime-3: 19.5% 



optical properties, as well as its radiative impacts. We have 
some hints, but not yet a good understanding of its impacts 
on gas-phase photochemistry and its role in changing 
monsoon precipitation patterns. There is still very little 
understanding among the general population and policy 
makers about the causes and costs of the haze. 

While the increase in aerosol haze across the IGP has 
received a lot of attention, there have been far fewer studies 
about the increase in 0 3 , which already exceeds air quality 
standards during the spring in many places in the IGP (Lai 
et al. 2000; Mittal et al. 2007; Ojha et al. 2012; Sinha et al. 
2014). There are only a few papers from a handful of 
higher-altitude locations including Kullu (1,154 m) (Sharma 
et al. 2013), Nainital (1,954 m) (Kumar et al. 2010), and 
NCO-P (5,079 m) (Cristofanelli et al. 2010), as well as 
several places along the northern side of Mount Everest 
(Semple and Moore 2008) and Nam Co, Tibetan Plateau 
(Yin et al. 2017). They all found relatively high levels of 0 3 
in the spring, with higher altitudes also affected occasionally 
by stratospheric intrusions. 

10.2.3 Increasing Winter Fog over the IGP 

Often coinciding with the winter haze is the widespread and 
persistent occurrence of severe winter fog episodes along the 
IGP. Note that while haze is commonly defined as an 
atmospheric condition with reduced visibility, but with vis¬ 
ibility remaining above 1 km, fog is defined to have visi¬ 
bility less than 1 km. The majority of the fog episodes last 
from mid-December into January and result in poor visibility 
conditions that cause major disruptions to the air and rail 
transportation sectors, as well as a significant number of 
deaths in vehicular accidents (Hameed et al. 2000; Ghude 


et al. 2017). The fraction of days with fog has increased 
threefold in a 35-year period across the IGP (Ghude et al. 
2017; Jenamani 2007; Syed et al. 2012), and tenfold in five 
decades in Delhi (Mohan and Payra 2014). Figure 10.13 
shows that increase has not been linear, but with distinct 
“regime changes” (Syed et al. 2012). Within each regime, 
and especially within the third regime, there have been large 
interannual variations, with a low in 2007-08 of just above 
10% and highs exceeding 27%. 

Fog conditions usually also vary within each day: At Delhi 
airport, fog is denser at night than during the day (Jenamani 
and Tyagi 2011); it appears to be the case across the IGP that 
visibility improves over the course of the afternoon. MODIS 
images also show distinct day-to-day variations, with grow¬ 
ing, shrinking, and lateral shifting of the IGP fog deck from 
one day to the next, as shown in Fig. 10.14. 

To date there is still a lack of scientific consensus to 
explain why persistent winter fog has increased across the 
IGP. The key ingredients needed for fog to form anywhere 
in the world are well known: Sufficient moisture, airborne 
surfaces that moisture can condense onto (cloud condensa¬ 
tion nuclei, or CCN), and a drop in temperature that allows 
water vapour to condense (Gultepe et al. 2007). Most of the 
fog over northern India, and presumably the rest of the IGP, 
is radiation fog (Syed et al. 2012). This occurs when moist 
near-surface air cools under clear skies in stagnant, stable air. 
The available literature points to the role played by 
synoptic-scale processes in creating conditions that allow the 
formation of large-scale radiation fog across the IGP within 
a short time period. The fog not only forms simultaneously 
over large regions, but inter-annual variations in fog are also 
coupled across wide areas (Syed et al. 2012). 

For a regional-scale fog episode to occur, a high dew 
point temperature is needed on a regional scale (Sawaisarje 
















10 Air Pollution in the Hindu Kush Himalaya 


353 



Fig. 10.14 Terra MODIS images of the IGP on 17, 18, 19 (top row), 20, 21, 22 (middle row), and 23, 24, 25 (bottom row) December 2012 


et al. 2014)— in other words, a large amount of water vapour 
needs to be present over a broad region. During the winter 
season, much of the IGP is subjected to a regional characteristic 
weather phenomenon known as western disturbances, a series 
of alternate low- and high-pressure systems. First, a 
low-pressure system results in enhanced moisture content in the 
boundary layer; this is subsequently replaced by a 
high-pressure system with low winds, radiative cooling of the 
ground, and temperature inversions (Pasricha et al. 2003). The 
resulting anomalous cold conditions are generally referred to as 
sheet lahar (cold waves) in many parts of the IGP. In addition 
to western disturbances, it is also possible that the moisture 
needed for fog in some parts of the IGP could originate in the 
agricultural fields of Uttar Pradesh, Haryana, and Punjab, 
where large areas are irrigated in winter (Jenamani 2007). 

Moisture and cold temperatures alone are insufficient to 
form fog if there are no particle surfaces for the fog droplets to 
condense onto. Los Angeles has seen a decrease in fog as it 
cleaned up its air pollution problem and as its ambient aerosol 
concentrations dropped (LaDochy 2013). Cities in many other 
parts of the world have seen the reverse: They have denser 
and more persistent fog due to increases in air pollution and 
thus in the availability of condensation nuclei, resulting in 
larger numbers of smaller drops with higher optical depth 
(Syed et al. 2012). Central and eastern China have seen a 
doubling of fog frequency over the past three decades, as 
aerosol concentrations have increased (Niu et al. 2010). 

Across the IGP the increase in fog appears to be associated 
with the increasing trends of anthropogenic air pollution 
(Habib et al. 2006; Sarkar et al. 2006). In Delhi, the onset of 
fog has been found to match with times of high aerosol 
number concentration (Mohan and Payra 2014), as well as 
with high concentrations of CO (Mohan and Payra 2009), a 


tracer of incomplete combustion. A field campaign at Delhi 
airport in winter 2015-16 found that fog occurred in a highly 
polluted environment dominated by combustion and vehicular 
emissions (Ghude et al. 2017). During winter, aerosols over 
the IGP are dominated by emissions from biomass burning 
and agricultural waste burning (Gustafsson et al. 2009; Ram 
et al. 2012). In Kanpur, a large fraction of measured organic 
aerosols were found to be from biomass burning. The com¬ 
position of organic aerosols was different during foggy events, 
with higher oxygen-to-carbon ratios during foggy events 
(Chakraborty et al. 2015). Burning of post-harvest paddy 
residue produces carcinogenic benzenoids that can partition 
into aerosol phase and oxidize into hydrophilic phenolics and 
cresols that have increased water vapour uptake and con¬ 
tribute to fog formation (Sarkar et al. 2013). 

Analysis of filter samples collected in Hissar and Alla¬ 
habad, India, found that secondary inorganic aerosol con¬ 
stituents (ammonia, nitrate, sulphate) increased by a factor of 
two to three during foggy or hazy days compared to clear 
days (Ram et al. 2012); unfortunately, the study did not 
distinguish between foggy and hazy days. Acidic gases and 
ammonia are taken up by fog, as found in a study in Lahore 
in winter 2005-06 (Biswas et al. 2008). Fog water in Delhi 
has been found to have a higher concentration of ions than 
rainwater (Ali et al. 2004). 

10.2.4 Causes and Impacts of Haze 
and Winter Fog 

The persistent and dense winter haze and fog reduce the 
solar insolation available to warm the land surface, which 
can act to further lower surface temperatures, in turn 
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providing a positive feedback to the persistence of foggy and 
cold conditions (Gautam 2014). Trends in poor visibility 
days due to haze and fog during the winter season have been 
significantly increasing over the IGP, reaching 90% of 
winter days (De and Dandekar 2001), with serious impacts 
on air, rail, road, and water-based transportation systems, as 
well as on agriculture and tourism. 

The IGP haze has been found to have increased in the 
winter and post-monsoon season over the time period from 
2001 to 2013 (Mehta 2015), and along with it, global 
short-wave radiation has been found to have decreased in 
many cities in India since 1990 (Porch et al. 2007). In China, 
the increase in haze has been associated with the simulta¬ 
neous decrease in both cloud cover and solar radiation at the 
surface (Qian et al. 2006, 2007). 

The aerosol haze over the IGP has significant impacts on 
local and regional climate. It reduces the solar radiation 
reaching the surface and warms the atmosphere due to 
absorption of sunlight by BC (Ramanathan and Ramana 
2005; Tripathi et al. 2005; Ramanathan and Carmichael 
2008). Fifty to 70% of the warming by absorbing aerosols 
over the IGP takes place above clouds (Satheesh et al. 2008). 
Based on the observational data, the solar-absorption effi¬ 
ciency has positive correlation with the ratio of absorbing BC 
to scattering sulphate aerosols (Ramana et al. 2010). 
While BC from biomass-burning cookstoves was found to 
directly contribute to regional climate forcing over the IGP 
(Praveen et al. 2012), fossil fuel-dominated BC plumes have 
been found to be twice as efficient in their elfect on net 
warming of the atmosphere compared to biomass- 
buming-dominated plumes (Ramana et al. 2010). A study 
using multiple sun photometers around Kanpur, India, found 
that emissions from Kanpur city contributed only 10-15% of 
the aerosol optical depth observed in Kanpur (Giles et al. 
2011), implying a regional origin of the observed haze. 
Although current state-of-the-art chemical transport models 
are able to capture seasonality of the pollution haze over 
low-lying plains, they are still limited in their ability to cap¬ 
ture observed seasonality over valleys and mountains 
(Adhikary et al. 2007). Current mesoscale numerical weather 
models are not able to adequately predict persistent winter fog 
over IGP and the foothills area. Thus, more in situ observa¬ 
tions are needed in the region to understand the phenomenon 
and to constrain numerical weather and chemistry models. 

Although there seems to be a consensus in the scientific 
community that winter haze and fog are a strongly coupled 
system, there is a lack of in-depth and quantitative under¬ 
standing about the impact of air pollution on fog variability 
and long-term trends. At a fundamental level, aerosol par¬ 
ticles (especially hydrophilic aerosols) act as efficient cloud 
condensation nuclei, favouring the formation of fog. 


However, given the complex aerosol composition over the 
IGP from a wide range of emission sources, the micro¬ 
physical, chemical, and radiative interactions between 
aerosols and fog or low-level stratus clouds requires more 
detailed studies. In this respect, recent ongoing field studies 
have focused on the winter fog characterization in the IGP 
led by the Indian Institute of Tropical Meteorology with 
detailed characterization of fog in Delhi, the Winter Fog 
Experiment (Ghude et al. 2017), as well as 
multi-institutional efforts led by ICIMOD at several loca¬ 
tions across the IGP. In addition, there are other factors 
which may be linked to the long-term variability/trends in 
fog occurrence, such as changes in land use/land cover 
patterns, increase in the density of irrigation canals, and 
regional meteorological changes over the IGP. 


10.3 Emission Sources and Transport 
Processes in the HKH 

Major emission sources of air pollutants within and upwind 
of the HKH include cooking and heating fires, open burning 
of agricultural residue and garbage, forest fires, motor 
vehicles, and thermal power generation (including with 
diesel generator sets), as well as brick kilns and other 
industries. While most of the region’s inhabitants still live in 
homes severely polluted by emissions from traditional bio¬ 
mass cookstoves, outdoor air quality has deteriorated in 
many urban and rural areas, on mountains, in valleys, and in 
the IGP. Source regions affecting the HKH include urban 
and rural places within the HKH and the nearby IGP; smaller 
amounts of pollution arrive from further away. 

To address air pollution in the HKH, it is essential to 
understand not only which harmful pollutants exist at what 
concentrations, but also where they come from and how they 
reach the region. An increasing number of national and 
regional emissions inventories have been set up that help us 
assess the magnitude and the source of air pollutant emissions 
in the HKH countries. In addition, studies using transport and 
receptor models have provided estimates of where these 
emissions come from. While more research is essential, they 
provide us with the basis for two general observations: 

• Certain sources—such as cooking and heating, agricul¬ 
tural residue burning, forest fires, brick kilns and diesel 
pumps—are particularly important for the HKH and the 
IGP. 

• We find a large seasonality in emissions for some of 
these sources. Agricultural residue burning and brick 
kilns are especially important seasonal emissions sour¬ 
ces, with both taking place in the dry season. 
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10.3.1 The Major Air Pollutant Emissions Source 
Sectors in the HKH 

Different pollutants may be emitted by the same source, while 
many pollutants are chemically transformed in the atmo¬ 
sphere, forming secondary pollutants, such as secondary 
aerosols (both organic and inorganic, such as nitrates and 
sulphates) and tropospheric 0 3 (Fig. 10.15). Emission sour¬ 
ces also vary in different countries, as well as the magnitude, 
depending on factors such as the source of power, industrial 
activities, and domestic heating/cooking needs. Part of the 
reason for this is the increase in population density in the 
HKH, particularly in the lower altitude regions. We illustrate 
the magnitude and the contribution of the five emission 
sources (power, industry, transport, domestic, and other) for 
the five primary pollutants (CO, NO*, S0 2 , BC, and PM 2>5 ) 
estimated in Regional Emissions inventory in ASia (REAS) 
v2 for each of the HKH countries in Fig. 10.16. 

10.3.1.1 Cooking and Heating 

Domestic cooking and heating, mainly using biofuels (e.g., 
wood and dung) is the largest source of CO and PM in the 
HKH (Venkataraman et al. 2005). Cookstove emissions are 
also the largest source of BC in South Asia (Gustafsson et al. 
2009). This is due to low access to clean fuels and high 
usage of solid biofuel such as dung, charcoal, and fuelwood 


in the region, as illustrated in Table 6.1. There are few 
studies measuring emissions in the field (e.g., Roden et al. 
2009; Stockwell et al. 2016) and some studies have 
attempted to estimate the contributions of indoor air pollu¬ 
tion on outdoor air pollution in India (Rehman et al. 2011) 
and China (Liu et al. 2016). However, more research is 
essential to not only understand the magnitude of various 
emissions coming from the residential sector, but also assess 
the fraction remaining indoors versus the amount leaving the 
homes to contribute to ambient air pollution. 

10.3.1.2 Agricultural Residue Burning 

Agricultural residue burning takes place in two distinct 
forms, as illustrated in Fig. 10.17. The first is the burning of 
small piles of collected agricultural residue. This may take 
place on the field, or near the homes, and the purpose might 
be to get rid of waste material or to generate smoke to chase 
away mosquitoes and flies from farm animals. Such fires are 
lit millions of times a day across the IGP and the hilly and 
mountainous parts of the HKH, in both rural and peri-urban 
areas. The second is the open-field burning of rice and wheat 
stubbles in the IGP after mechanical harvest using combine 
harvesters. The purpose is to clear the fields quickly for the 
planting of the next crop. 

Agricultural residue burning emits OC and BC aerosols, 
as well as a variety of gaseous air pollutants, including CO, 


Fig. 10.15 Multiple pollutants 
and their multiple adverse effects 
(Cao et al. 2013 adapted by Clean 
Air Asia 2016) 
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Fig. 10.16 Magnitudes and 
contribution of five sources 
(power, industry, transport, 
domestic, and other) for five 
pollutants (CO, NO x , S0 2 , PM 2 . 5 , 
and BC) for each of the HKH 
countries estimated in the REAS 
v2 emissions inventory (Created 
based on data from Kurokawa 
et al. 2013) 
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Fig. 10.16 (continued) 
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C0 2 , CH 4 , NO*, and non-methane VOCs (NMVOCs) 
(Andreae and Merlet 2001; Guy on et al. 2005; Sharma et al. 
2010). Jain et al. (2014) estimated that 21.32 Mt/year of 
residue is burned in Punjab alone, leading to 1961 Gg/year 
of CO, 53 Gg/year of NO*, 335 Gg/year of NMVOCs, 83 
Gg/year of PM 2 . 5 , and 15 Gg/year of BC in the year 2008- 
09. The Nepal Ambient Monitoring and Source Testing 
Experiment (NAMaSTE) campaign (see Box 10.4) also 
found that agricultural residue burning is a large contributor 
to brown carbon (BrC) and S0 2 (Stockwell et al. 2016). 
These emissions contribute to the haze (ABC) and to the 


worsening of winter fog in the HKH. The large agricultural 
fires detected by MODIS satellite sensors illustrate that 
burning is most prevalent in Bangladesh, Bhutan, China, 
India, Nepal, and Pakistan. MODIS is unable to capture the 
small and short-lived fires outside the passing times, 
although they are also important sources of air pollution. 

Two distinct periods of post-harvest agricultural residue 
burning are prevalent in the IGP—the burning of paddies 
between October and November and the burning of wheat 
residue between April and May. PM 2 5 mass concentrations 
of 60-390 jLig/m 3 have been observed during paddy residue 
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Fig. 10.17 Burning of small piles of agricultural residue (left and centre) versus open-field burning (right). Photos by Amico Panday 


burning, with high OC contribution of more than 30%, in 
Patiala, Punjab, India. Approximately 250 Gg/year of OC and 
60 Gg/year of BC emissions are estimated to be due to agri¬ 
cultural residue burning in the IGP (Rajput et al. 2014). Based 
on the ratio of the tracers levoglucosan and OC, it was found 
that in the post-monsoon season, the OC derived from bio¬ 
mass burning contributed a large fraction of the total aerosol 
OC (~40%) in Lumbini, Nepal, reconfirming the regional 
influence of agricultural residue burning (Wan et al. 2017). 

10.3.1.3 Garbage Burning 

The open burning of waste contributes substantially to local 
and regional air pollution, and it is a common way to dispose 
of garbage in South Asia (Asian Productivity Organization 
2007). Waste management is considered one of the most 
important issues in urban areas in the HKH. Indeed, public 
opinion shows that 59% of urban residents consider solid 
waste to be the most important problem in Nepal. In the 
same survey, only 7% listed air pollution as the most 
important problem; garbage burning is also one of the most 
poorly characterized emissions sources even in developed 
countries (USEPA 2006; Stockwell et al. 2016). Garbage 
burning in the HKH is ubiquitous on a range of scales, and 
mixed garbage items, including paper products, plastics, and 
rubber tyres, are often burned together. 

Garbage burning is a large contributor to BC, OC, PM, 
and CO emissions. Wiedinmyer et al. (2014) estimated 
emissions of various trace gases and PM from the open 
burning of waste globally and they show a large hotspot of 
CO emissions within and south of the HKH. Uncertainty is 
still large in these emissions estimates and more effort to 
validate and improve these emissions is essential. For 
example, the NAMaSTE campaign results estimated benzene 
emissions due to Nepal trash burning to be 1.68 Gg/year 
(Stockwell et al. 2016), compared to 0.580 Gg/year estimated 
by Wiedinmyer et al. (2014) using a different methodology. 

10.3.1.4 Forest and Scrub Fires 

During the dry season, especially from March to May, many 
forest and scrub fires occur in the southern HKH foothills of 
India, Nepal, and Bhutan (Rupakheti et al. 2017). Some of 


these can take place at high altitudes, close to the cryosphere. 
According to the MODIS fire spot product, an average of 
3,908 fire counts per year (2005-10) were recorded in this 
region. The average burnt areas were estimated to be 
1,129 km 2 , with BC emissions of 431 t/year (Vadrevu et al. 
2012). A vertical profile of aerosols revealed by CALIPSO, as 
well as the example shown in Fig. 10.18a, suggests smoke 
plumes can reach altitudes of 4,000-5,000 m, which is much 
beyond the typical planetary boundary layer height in 
the region; this gives them a higher chance to undergo 
long-range transport for dispersion, but also brings them into 
contact with the lower reaches of the Himalaya cryosphere. 

The MODIS fire spot product may still underestimate 
fires in the HKH due to several reasons. First, it cannot see 
fires taking place under clouds or heavy haze. Second, 
MODIS only takes instantaneous snapshots four times a day. 
Often, the fires take place in the early evenings when there is 
no MODIS overpass. Fires on steep slopes travel rapidly 
upwards until they reach the ridgeline or some other barrier, 
and extinguish themselves when they run out of fuel in their 
path. The fire photographed in the early evening in 
Fig. 10.18b did not appear in MODIS, nor did 22 large fires 
observed by an author at 19:00 on 14 April 2016 from a 
mountaintop in Gorkha, Nepal. 

10.3.1.5 Brick Kilns and Industries 

The fired clay brick is one of the most widely used con¬ 
struction materials in the HKH and the IGP, and most of the 
brick kilns operate only during the dry season. While data on 
emissions from brick kilns is still lacking, there are estimates 
of almost 100,000 brick kilns across the IGP. In the Indian 
states of Uttar Pradesh and Bihar, almost 23,000 brick kilns 
are known to be in operation. There are no brick kilns in 
Bhutan and just over 100 and 1,000 brick kilns within the 
Kathmandu Valley and in Nepal, respectively. Indeed, 75% 
of global brick production is considered to be concentrated 
in four countries—China (54%), India (11%), Pakistan (8%), 
and Bangladesh (4%)—all part of the HKH. 

The recent NAMaSTE campaign indicated that brick 
kilns are a significant source of S0 2 , NO*, BC, OC, and PM, 
and that the type of kilns, as well as the primary fuels 
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Fig. 10.18 Forest fires in the HKH at high altitude (a) and on the outskirts of Kathmandu (b). Photos by Amico Panday 


burned, matters in the resulting emissions (Stockwell et al. 
2016). Brick production levels are not well understood and 
more data need to be collected. What seems to be the case is 
that the number of brick kilns is growing rapidly in many 
places within the HKH with increasing urban populations 
(Bisht and Neupane 2015), other than Bhutan, which has no 
domestic production but imports its bricks. 

10.3.1.6 Diesel Generators and Irrigation Pumps 

Fossil fuel combustion in the power sector contributes a 
large portion of S0 2 emissions in the HKH, excluding brick 
kilns. Diesel generators are an important source of emissions 
that are often neglected; they are used to meet power 
demand during frequent power shortages in the region 
(Laghari 2013). Over ten million diesel pumps are estimated 
to be in operation in the IGP consumed by these pumps. 
Distributed generator sets are a significant pollution source 
and contribute to local and regional air pollution, especially 
during the winter and pre-monsoon seasons due to the pro¬ 
longed power shortages (World Bank 2014). BC emissions 
estimated from diesel generators in the Kathmandu Valley 
are 75% of diesel emissions estimated in the REAS V2 
(Kurokawa et al. 2013), which excludes these emissions. In 
other words, when power cuts were common in the Kath¬ 
mandu Valley between 2009 and 2015, emissions from 
diesel generators were responsible for more than half of the 
total BC emissions. Although the Kathmandu Valley in 
recent years reduced power cuts significantly, frequent 
power cuts are still prevalent in the other parts of HKH and 
illustrate the importance of these emissions from diesel 
generator sets in the region. 

10.3.1.7 Transport (Road, Rail) 

The transport sector contributes to emissions of all pollutants 
in all of the HKH countries, as shown in Fig. 10.16. It is an 
especially important source of NO* emissions. For each of 


the eight HKH countries, the transport sector contributes 
from at least 12% up to 73% of total NO* emissions in a 
country. For countries with a substantial number of gasoline 
vehicles, CO emissions from the transport sector are also 
important. S0 2 emissions from the transport sector illustrate 
the low fuel quality with high sulphur content used in the 
engines. Afghanistan, China, India, and Pakistan have sub¬ 
stantial contributions by the transport sector to BC emis¬ 
sions, illustrating the existence of polluting diesel vehicles in 
these countries. 


10.3.2 Source Regions and Transport Pathways 
for Pollution Reaching and Crossing 
the High Mountains 

The HKH receives pollution from sources within the region, 
both rural and urban, as well as from a number of regions 
outside. In spring, dust from the Thar Desert reaches the 
western and central Himalaya (Hegde et al. 2007; Ram et al. 
2010). South-eastern Tibet receives biomass-burning emis¬ 
sions from Myanmar, Bangladesh, and eastern India (Zhao 
et al. 2013), while the northern parts of the Tibetan Plateau 
receive dust from the Taklimakan Desert (Huang et al. 2007; 
Cao et al. 2009; Xiao et al. 2010; Chen et al. 2013; Zhao 
et al. 2013; Wang et al. 2015). Pollution episodes at Mount 
Waliguang at the north-eastern comer of the HKH, as well as 
at Mount Muztagh Ata, in the Pamir range and in the Pak¬ 
istani Karakoram, have been traced to Central Asia and the 
Middle East (Wang et al. 2006; Che et al. 2011; Gul et al. 
2018). Manora Peak in India receives pollution from the 
IGP, but also from the Middle East (Dumka et al. 2010, 
2015). 

Pollution episodes at the Nam Co observatory in south 
central Tibet have been traced to emissions in the IGP (Cong 
et al. 2007; Xiao et al. 2010; Xia et al. 2011; Wang et al. 
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2015). The high-altitude areas of HKH were once thought to 
be relatively pristine, and it was assumed that the Himalaya 
acted as a barrier to block the transport of pollutants from 
South Asia to the Tibetan Plateau. However, the in situ 
observations have pointed out that the high Himalaya are 
particularly vulnerable to the haze accumulated in the foot¬ 
hills (Li et al. 2016). In addition, high altitude areas have a 
second vulnerability: incomplete fuel combustion due to 
decreased oxygen levels, which contributes to pollution in 
the city of Lhasa (Ran et al. 2014). 

The observational data from high altitude sites reveal 
regional scale pollution processes. For example, the high 
altitude sites from both sides of the Himalaya (i.e., NCO-P 
and QOMS) exhibit similar OC and EC abundances. Par¬ 
ticularly, OC, EC, and other ionic species (NH 4 + , K + , N0 3 _ , 
and S0 4 2- ) at QOMS exhibited a pronounced peak in the 
pre-monsoon period and a minimum in the monsoon season, 
similar to the seasonal trends of aerosol composition repor¬ 
ted previously from Langtang and NCO-P (Cong et al. 
2015). Pollutants from regional haze episodes over the IGP 
have been found to be transported across the Himalaya to 
trans-Himalayan valleys (Babu et al. 2011b) and to the 
Tibetan Plateau (Kusaka et al. 2001; Liithi et al. 2015). 

Li et al. (2016) reported, based on observation at multiple 
sites on both the north and south sides of the Himalaya and 
the Tibetan Plateau (TP), equal contributions from fossil fuel 
(46 it 11%) and biomass (54 it 11%) combustion to BC in 
the Himalaya, consistent with BC source fingerprints from 
the IGP, whereas BC in the remote northern TP predomi¬ 
nantly derives from fossil fuel combustion (66 it 16%), 
consistent with Chinese sources. This study and three other 
studies by Dhungel et al. (2016), Rupakheti et al. (2017), 
and Liithi et al. (2015), which reported transport of air 
pollutants from the IGP to Nepal and then ultimately to the 
TP crossing the Himalaya under favourable meteorological 
conditions, indicate the importance of long-range and 
trans-border transport of air pollution in the region. 

A case study combining ground-based and satellite 
remote sensing data identified a severe aerosol pollution 
episode over the Tibetan Plateau during 13-19 March 2009 
(pre-monsoon) (Liithi et al. 2015). Trajectory calculations 
based on the high-resolution numerical weather prediction 
model, Consortium for Small-scale Modeling (COSMO), 
were used to locate the source regions and investigate the 
mechanisms of pollution transport in the complex topogra¬ 
phy of the Himalaya and Tibet. Lifting and advection of 
polluted air masses over the great mountain range is enabled 
by a combination of synoptic-scale and local meteorological 
processes. During the days prior to the event, winds over the 
IGP were generally weak at lower levels, allowing for 
accumulation of pollutants and thus the formation of ABCs. 
The subsequent passing of synoptic-scale troughs led to 
south-westerly flow in the middle troposphere over northern 


and central India, which carried the polluted air mass across 
the Himalaya. Based on the results of the field observation of 
aerosols at the north slope of the Himalaya (QOMS), strong 
positive correlations were observed for dicarboxylic acids 
with biomass-burning tracers, levoglucosan, and K + , 
demonstrating that this area was clearly affected by biomass 
burning (Cong et al. 2015). The seasonal pattern of dicar¬ 
boxylic acids is consistent with OC and EC, characterized by 
a pronounced maximum in the pre-monsoon season. It has 
been proposed that the local valley breezes and regional 
atmospheric flow process could facilitate the penetration of 
the carbonaceous aerosols from South Asia across the high 
Himalaya. 

The mountain/valley wind systems in the southern 
Himalaya are characterized by up-valley winds in the day¬ 
time with a maximum in the afternoon, which delivers 
substantial pollutants (e.g., BC and 0 3 ) from lowland to 
higher altitude. This has been studied in situ both in the Kali 
Gandaki Valley which crosses the high Himalaya at rela¬ 
tively low altitude (Dhungel et al. 2016), as well as at 
NCO-P, near Everest Base Camp (Bonasoni et al. 2008, 
2010; Gobbi et al. 2010; Marcq et al. 2010; Marinoni et al. 
2010; Sellegri et al. 2010). Meanwhile, satellite-based tools 
were used to map the northward slanting haze layers that 
penetrate into Himalayan valleys from the IGP (Brun et al. 
2011). The Karakoram also receives pollution from lower 
valleys (Putero et al. 2014), while Manora Peak observatory 
in Nainital, overlooking the IGP, receives substantial after¬ 
noon arrival of pollutants from the IGP (Pant et al. 2006b; 
Ram et al. 2010; Ojha et al. 2012; Dumka et al. 2015). 

Chemical transport models, despite their inherent uncer¬ 
tainties in simulating atmospheric processes, are a useful tool 
to link emission source regions with in situ observations in 
areas with no local pollution sources. One study used the 
global chemical transport model GEOS-Chem to trace the 
origin of BC reaching four different high altitude sites in the 
HKH, finding sources as far away as Siberia, tropical Africa, 
and Europe (Kopacz et al. 2011). One of the techniques used 
by the atmospheric modeling community is to release 
region-tagged chemical tracers such as CO into the atmo¬ 
sphere and assess their concentration in the area of interest. 
Another widely used technique is to simply calculate wind 
back trajectories from the observation site and estimate the 
contributing region(s) (Jaffee et al. 1999). Numerical simu¬ 
lations have limitations and especially over the extreme 
topography of the HKH face a trade-off between doing 
computationally very expensive runs at high spatial and 
temporal resolution, versus going to lower resolutions that 
are able to capture key features elsewhere in the world but 
would miss key features in the HKH. Many atmospheric 
processes in the HKH are tied closely to the shape of the 
topography, and if a model does not accurately capture the 
height of peaks, the depth of valleys, or the cross-section of 
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passes then it might not accurately capture the direction and 
speed of up- or down-valley flows, the location of cloud 
formation, or the extent of trans-Himalayan flows. 

Satellite-based remote sensing products also provide a 
good spatial and semi-continuous temporal coverage. 
However, these products also have severe limitations during 
cloud cover, over bright reflecting surfaces especially over 
complex topography, and with regards to the number of 
tropospheric air pollutants they can observe directly. 

The Sulfur Transport and dEposition Model (STEM), an 
offline regional chemical transport model (Adhikary et al. 
2007; Kulkami et al. 2015) driven by the Weather Research 
and Forecasting (WRF) model (Skamarock et al. 2008), was 
used to assess the relative strength of emissions from dif¬ 
ferent geographical regions affecting the high mountain 
glaciers of the HKH. Anthropogenic CO emissions inven¬ 
tory provided by the Task Force on Hemispheric Transport 
of Air Pollutants was used to simulate the region-tagged 
tracers for 2013. For this assessment, region-tagged CO 
tracers were run on inert mode, thus providing an estimate of 
the maximum concentration reaching the observation site 
from the source region. In addition, it is important to note 
that the emissions are tagged at the time of release and not 
the actual path that the pollutant follows. Figure 10.19 
shows the contribution as a percentage of total for CO pol¬ 
lutant reaching Yala Glacier in the central Himalaya. 
Although CO is used for this particular analysis, the tech¬ 
nique allows for interpolating to other relatively inert spe¬ 
cies, which have similar spatial emission patterns. Thus, we 
interpret the results as air pollutants reaching high mountain 
glacier as opposed to strictly CO tracer. 

Analyses of the simulation results show that Yala Glacier 
is affected mostly by pollutants from Nepal and India 
(nearby source regions), while occasional contributions 
come from regions as far away as Africa and the Middle 
East. Observations of pollutants thought to have originated 
from the Middle East and Africa over the Fangtang region 


M Southeast Asia 
M China 
Bangladesh 
Bhutan 
M Nepal 
h India 
Pakistan 

M Afghanistan 
M Middle East 
M West Asia 
Africa 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Fig. 10.19 Percent contribution to CO concentration over Yala 
Glacier, estimated with emissions from various geographic regions. 
Figure prepared for HIMAP by Bhuphesh Adhikary, ICIMOD. Model 
configuration and simulations described in Rupakheti et al. (2017) 



have been published earlier (Carrico et al. 2003). Since the 
model is simulated at 25 x 25 km horizontal grid resolu¬ 
tion, it is too coarse to capture up-valley winds and other 
thermally driven microclimates. However, the model does 
give an overall synoptic picture, consistent with the expected 
behaviour of pollution transport reaching the high glaciers of 
the HKH. Several research papers using wind back trajec¬ 
tories analysis report that the source of the observed air 
pollutants reaching the HKH are primarily from the IGP and 
as far away as Africa (Carrico et al. 2003; Bonasoni et al. 
2012; Ming et al. 2009; Babu et al. 2011b; Fu et al. 2012; 
Gul et al. 2018). 


10.3.3 Assessment of Our Knowledge About 
Emissions and Processes in the HKH 

While some progress has been made in increasing our 
understanding of the contributions from some sources, much 
work remains before we can reliably link specific sources to 
their exact impacts. One of the challenges in the overall 
quantification of emission transport and climate effects over 
the IGP is in the general underestimation of aerosol loading 
in climate and chemical transport model simulations (both 
global and regional scale models), due to various emission- 
and meteorology-related factors (Ganguly et al. 2009; 
Henriksson et al. 2011; Nair et al. 2012; Cherian et al. 
2013; Sanap et al. 2014; Pan et al. 2015). 

10.3.3.1 Based on Source Apportionment Studies 

Source apportionment studies by receptor modeling can 
assess how much various source categories contribute to 
ambient pollution levels at a specific site. Figure 10.20 
shows the contribution of different sources, including 
household garbage and municipal solid waste burning to 
PM 10 concentrations in the Kathmandu Valley, using a 
multivariate receptor model (Kim et al. 2015). It is clear that 
both garbage burning and brick kilns impact the Kathmandu 
air quality significantly. Kim et al. (2015) conducted mea¬ 
surements for two periods: the first between 21 December 
2012 and 3 January 2013 and the second between 13 and 21 
February 2013. They analysed BC, OC, ions, and trace 
metals in the PM 10 data to assess the quantitative source 
contribution. They found that brick kilns and 
biomass/garbage burning contribute to 40% and 22% of BC 
in the Kathmandu Valley in winter, respectively, while 
biomass/garbage burning contributes to 32% of OC. 
Unfortunately, this work was carried out only at a single site, 
in a single season. Wiedinmyer et al. (2014) estimate that 
644 Gg/year of municipal solid waste is burned in Nepal, 
leading to 6.3 Gg/year (7.7 Gg/year) of PM 2 5 (PM 10 ). As for 
BC (OC), they estimate 0.42 Gg/year (3.4 Gg/year) due to 
garbage burning in Nepal. Recalculating the estimated 
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Fig. 10.20 Contribution of motor vehicles, secondary, 
biomass/garbage burning, brick kilns, and soil dust to PMi 0 concen¬ 
trations in Nepal (Source Kim et al. 2015) 

emissions using the emission factors measured in the 
NAMaSTE campaign, but keeping the same solid waste 
estimate, garbage burning emits seven, five, and 15 times 
more PM 2 . 5 , BC, and OC, respectively, (Stockwell et al. 
2016; Jayarathne et al. in press). This translates into revised 
PM 2 . 5 , BC, and OC emissions estimates from garbage 
burning in Nepal being 7.3, 5.1, and 15 Gg/year. 

10.3.3.2 Based on Chemical Transport Modeling 

The HKH is influenced by both monsoons and westerlies. 
During the winter and pre-monsoon months of October- 
April, large-scale circulation patterns (mainly westerlies 
from central Asia) are the main source of air masses to the 
region. During the monsoon season of June-September, low 
pressure systems over the region bring air masses from the 
Indian Ocean. These result in pollution transport from South 
Asia (Meitiv 2010). Based on adjoint model results, Kopacz 
et al. (2011) estimated emissions from northern India and 
central China to be the major contributor of BC emissions to 
the Himalaya. For the Tibetan Plateau, they found western 
and central China, as well as India, Nepal, the Middle East, 
and Pakistan, to be source origins. 

10.3.3.3 Assessment of Existing Emission 
Inventories 

Understanding the spatial and temporal distribution of air 
pollutant emissions is vital to the implementation of appro¬ 
priate climate and air quality mitigation measures. Increases 
in anthropogenic aerosol emissions and loading in South Asia 
in recent decades have also been well documented (Ohara et al. 
2007 ; Hsu et al. 2012; Babu et al. 2013; Kaskoutis et al. 2013), 
in contrast to the decreasing emission trends over Europe and 


North America (Granier et al. 2011). However, large uncer¬ 
tainties exist in emissions inventories, and quantification of 
these uncertainties is essential for better understanding of the 
linkages among emissions and air quality, climate, and health. 
For India, for example, Saikawa et al. (2017a) find large dif¬ 
ferences among the inventory estimates in the domestic sector 
for C0 2 (82%), transport for NO* (57%) and PM (108%), and 
industry for CO (63%) and S0 2 (44%). 

In Nepal, residential sector emissions dominate for many 
species, and there are significant differences in the inventory 
estimates for all pollutants. The two emissions inventories, 
Emissions Database for Global Atmospheric Research 
(EDGAR) and REAS estimate following percentages due to 
the residential sector in Nepal: 73% and 90% for PM 10 , 27% 
and 83% for NO*, 67% and 79% for S0 2 ; and 67% and 98% 
for CO, respectively. Similarly, estimates for road transport 
sector emissions vary significantly, depending on the source. 
Large uncertainties exist in emissions estimates in China and 
India and more efforts are needed to constrain emissions 
better in the IGP (Saikawa et al. 2017a, b), as well as in each 
country of the HKH. There is a need for more ground-based 
measurements and modeling studies, such as source appor¬ 
tionment, in this region. 

Box 10.4 Nepal Ambient Monitoring and Source 
Testing Experiment (NAMaSTE) campaign 

A major input needed by emissions inventories is the 
“emission factor” for each pollution source—the 
amount of each pollutant emitted when a certain 
amount of fuel is burned. For many important pollution 
sources in the HKH, emission factors either do not exist 
in global databases or are very different in real life. The 
Nepal Ambient Monitoring and Source Testing 
Experiment (NAMaSTE) campaign was implemented 
in and near Kathmandu and the plains of southern 
Nepal by ICIMOD and U.S. universities during April 
2015. NAMaSTE produced the first, or rare, measure¬ 
ments of aerosol optical properties, aerosol mass, and 
detailed trace gas speciation for the emissions. The 
sources of these emissions included many important, 
under-sampled combustion sources that are widespread 
in the HKH. Emissions from generators, irrigation 
pumps, brick kilns, cooking with various stoves and 
solid fuels, open burning of garbage and crop residue, 
and motorcycles were measured. 

Light absorption by both brown carbon (BrC) and 
BC was important for many sources. Dung-fuel 
cooking fires produced higher BrC/BC than fuel- 
wood cooking fires. BTEX compounds (benzene, 
toluene, ethylbenzene, xylenes) are air toxins and 
carcinogens and were major emissions from both types 
of cooking fires. Biogas was the cleanest cooking fuel 
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of ~12 stove/fuel combinations measured. 
Crop-residue burning produced high emissions of BrC 
and S0 2 . A clamp kiln (with more biomass fuel) 
produced large emissions quantities of organic gases, 
organic aerosol precursors, and BrC, while a zig-zag 
brick kiln burning mostly coal still emitted large 
amounts of BC, hydrogen fluoride (HF), hydrogen 
chloride (HC1), and NO x , with the halogenated emis¬ 
sions coming from the clay. Both kilns emitted very 
high S0 2 . Garbage burning produced high BC and 
BTEX emissions. Diesel burned more efficiently than 
gasoline, but produced larger NO* and aerosol emis¬ 
sion factors. The most polluting common source 
sampled was gasoline-fueled motorcycles during 
startup and idling, for which the CO emission factor 
was ~ 10 times that of a typical biomass fire (Stock- 
well et al. 2016). We find that underestimation of the 
transport sector emissions is possible in the HKH due 
to the high start-up and idling, combined with 
increasing number of motorbikes and bad traffic in the 
region. On the other hand, cooking with biomass is 
gradually decreasing due to the increasing availability 
of LPG, particularly in India. Total CO emissions from 
the rapidly growing transport sector may soon be lar¬ 
ger than those from biomass burning. 


Box 10.5 Atmospheric Composition and the 
Asian Monsoon (ACAM) 

Understanding the broader impacts of air pollutants in 
the Himalaya and their interaction with the monsoon 
system is of great importance. An international group 
of scientists have been meeting as a part of Atmo¬ 
spheric Composition and the Asian Monsoon (ACAM, 
https://www2.acom.ucar.edu/acam). Jointly sponsored 
by the International Global Atmospheric Chemistry 
project and SPARC (Stratosphere-troposphere Pro¬ 
cesses and their Role in Climate), ACAM seeks to 
understand how this rapidly changing part of the world 
is influencing the atmosphere on regional-to-global 
scales. 

The Himalaya are a data-sparse region in terms of 
atmospheric composition measurements, and interac¬ 
tions between the monsoon circulation and human 
emissions have impacts from the surface to the upper 
atmosphere that are relevant to both air quality and 
climate. ACAM focuses on four themes: (1) emissions 
and air quality in the Asian monsoon region; 
(2) aerosols, clouds, and their interactions with the 
Asian monsoon; (3) impact of monsoon convection on 


chemistry; and (4) Upper Troposphere and Lower 
Stratosphere Response to the Asian Monsoon. 

Since 2013, biennial workshops have attracted 
atmospheric scientists from the international com¬ 
munity to share research related to these themes. 
Participation from Himalayan countries has included 
scientists from Nepal, China, India, and Pakistan. 
ACAM offers a venue for community building that 
emphasizes research cooperation through data shar¬ 
ing, coordinated field observations, and training 
schools. ACAM representatives also interact with the 
international chemistry and climate modeling com¬ 
munity to understand what observations are most 
needed to enable better representation of the Hima¬ 
laya in global models. 


10.4 Adverse Impacts of Air Pollution 
in the HKH 

Due to the growing emissions described in the preceding 
sections, along with rapid urbanisation, industrialization, and 
motorization, the level of PM (e.g., soot and dust) is very 
high in many HKH cities. A large population is thus exposed 
to pollution levels much higher than those recommended by 
the WHO. But air pollution not only harms the health of 
people and ecosystems, it also affects the climate, the 
cryosphere, monsoon patterns, water availability, agricul¬ 
ture, and incomes. 


10.4.1 Temperature 

Air pollution is responsible for changing the temperature. 
Absorbing aerosols such as BC and dark dust warm the 
layers of air where they are located (Ramanathan and Car¬ 
michael 2008). In addition, they contribute to cryospheric 
melting by darkening surfaces onto which they are depos¬ 
ited. Kaspari et al. (2014) estimated (using in situ-observed 
dust and BC properties and concentrations) the radiative 
forcing due to BC deposition to be within 75-120 Wm" 2 , 
whereas significantly larger forcing (as high as 
~500 Wm -2 ) resulted due to dust deposition. Menegoz 
et al. (2014) applied a climate-chemistry global model to 
evaluate the impact of BC deposition on the snow cover. 
They estimated that in HKH ranges, BC in snow causes an 
increase of the net shortwave radiation with an annual mean 
of 1-3 Wm -2 , reducing the snow cover annual duration by 
one to eight days. 







364 


E. Saikawa et al. 


Box 10.6 SusKat-ABC international air pollution 
measurement campaign 2012-13 

Air pollution is a major environmental and societal 
problem in Nepal that can exert substantial impacts on 
public health, socioeconomic systems, and national 
development goals. As the first step towards compre¬ 
hensive understanding of various aspects of air pol¬ 
lution in Nepal, the SusKat-ABC (Sustainable 
Atmosphere for the Kathmandu Valley—Atmospheric 
Brown Cloud) measurement campaign was conducted 
from December 2012 to June 2013 in Nepal, with a 
two-month-long intensive measurement phase from 
December 2012 to February 2013. 

SusKat-ABC was jointly coordinated by the Insti¬ 
tute for Advanced Sustainability Studies, Germany, 
and ICIMOD. More than 40 senior scientists and 
students from 18 research groups in nine countries in 
Asia, Europe, and the United States deployed 
state-of-the-art scientific instruments at a network of 
23 measurement sites located inside the Kathmandu 
Valley (with a supersite at Bode), on the valley rim, 
and in other regions in Nepal, spanning from Lumbini 
on the northern edge of the IGP, across the Himalaya 
foothills, to the base of Mount Everest to the north. 

The SusKat-ABC campaign was the second-largest 
international air pollution measurement campaign ever 
undertaken in South Asia, after the Indian Ocean 
Experiment (INDOEX) in 1999 (Ramanathan et al. 
2001). High-quality ground-based data on air quality 
and meteorology were collected with unprecedented 
detail. Measurements of some important species were 
extended beyond the campaign to provide an oppor¬ 
tunity to investigate, for the first time, their seasonal 
and inter-annual variations at multiple sites. The main 
objectives of the campaign were to document quanti¬ 
tatively the magnitudes of various air pollutants and to 
estimate the percentage contributions of major sources 
and sectors to air quality degradation in the Kath¬ 
mandu Valley and other regions in Nepal. 

In the Kathmandu Valley, wintertime PM 10 is 
contributed mainly by local primary sources (motor 
vehicles: 31%, soil dust including road dust: 26%, 
biomass/garbage burning: 23%, brick factories: 15%) 
and about 5% by secondary sources (Kim et al. 2015). 
PM also contained high levels of toxic compounds 
such as polycyclic aromatic hydrocarbons (PAHs) 
(Chen et al. 2016) and mercury (Guo et al. 2017) at 
levels comparable to those observed in megacities like 
Delhi and Beijing. The campaign also revealed that 
gaseous air pollutants such as 0 3 , S0 2 , NO x , and a 
variety of volatile organic compounds (VOCs), some 
toxic to humans, are an important aspect of air 


pollution problems in the Kathmandu Valley and 
surrounding regions (Putero et al. 2015; Kiros et al. 
2016; Sarkar et al. 2016). Speciated measurements of 
VOCs with a proton-transfer-reaction-time-of-flight- 
mass-spectrometry (PTR-ToF-MS), the first PTR-ToF- 
MS deployment in South Asia, made it possible to 
identify their sources and estimate their 0 3 production 
potential and contributions to secondary organic 
aerosol formation (Sarkar et al. 2016). 

As a follow-up to the SusKat-ABC campaign, 
Shakya et al. (2016) conducted a study in spring and 
summer of 2014 involving traffic police officers in the 
Kathmandu Valley. They found that lung functions 
degraded significantly with exposure to increasing 
levels of PM 2 .5 and BC. Outside the Kathmandu Val¬ 
ley, they found that Lumbini, Pokhara, and Jomsom 
also suffer from high levels of PM, including BC and 
PAHs, CO, and 0 3 (Chen et al. 2016; Dhungel et al. 
2016; Tripathee et al. 2016; Rupakheti et al. 2017). 

In summary, the SusKat-ABC results suggest that 
local action is necessary, but that it alone will not be 
sufficient to achieve clean air in the region. These key 
measurements and results provide the strong scientific 
basis needed for air quality management programmes 
or pathways to improve air quality and reduce adverse 
impacts in the region. 

Regarding the Tibetan Plateau, Qian et al. (2011) sug¬ 
gested BC in snow increased the surface air temperature by 
around 1 °C and reduced the spring snowpack, resulting in 
increased runoff during the late winter and early spring, while 
the runoff decreased during late spring and early summer. The 
long-term regional mean radiative forcing via dust deposition 
on snow showed a rising trend during 1990-2009, which 
suggested the contribution of aerosols surface radiative effects 
induced by snow darkening has increased since 1990 (Ji et al. 
2016). Furthermore, based on a model simulation, carbona¬ 
ceous aerosols (BC and OC) increased surface air tempera¬ 
tures by 0.1-0.5 °C over the Tibetan Plateau and decreased 
temperatures in South Asia during the monsoon season. In the 
non-monsoon period, temperatures decreased by 0.1-0.5 °C 
over the southern Tibetan Plateau (Ji et al. 2015). 

10.4.2 Precipitation and Monsoon (Cloud 
Microphysics to Regional Scale) 

Air pollution also alters precipitation patterns. Major sources 
of absorbing aerosols (e.g., dust and BC) are located within 
Asia, which include both anthropogenic emissions (fossil 
fuel and biofuel sources) as well as naturally emitted mineral 
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dust aerosols from desert/arid regions. Several climate 
modeling studies have suggested the importance of aerosol 
solar absorption in modulating the monsoon circulation and 
rainfall distribution over Asia (Menon et al. 2002; Rama- 
nathan and Ramana 2005; Chung and Ramanathan 
2006; Lau et al. 2006; Meehl et al. 2008; Randles and 
Ramaswamy 2008; Collier and Zhang 2009; Sud et al. 2009; 
Wang et al. 2009; Bollasina et al. 2011; Ganguly et al. 2012; 
Vinoj et al. 2014). The summer monsoon rainfall, particu¬ 
larly over southern Asia, constitutes over 70% of the annual 
rainfall and is a major freshwater resource to the region. 
Along with the summer monsoon, the seasonal snow melt 
from the Himalaya glaciers and snowpack also contributes to 
the regional socioeconomic livelihood. Therefore, perturba¬ 
tions to the monsoon circulation and Himalayan cryosphere 
via aerosol radiative effects in terms of regional warming, 
and subsequent impact on rainfall dynamics, are of critical 
scientific and societal significance. 

One of the physical mechanisms of aerosol-induced 
radiative impact on the monsoon circulation and long-term 
effects on monsoon rainfall variability and trends is the 
“surface dimming effect” proposed by Ramanathan and 
Ramana (2005). This mechanism focuses on the northern 
Indian Ocean region, where thick haze, consisting of dust, 
BC, sulphate, and fly ash aerosols, is transported from 
southern Asia towards the Indian Ocean. The aerosol 
transport occurs annually during the dry season, primarily 
during the winter and early spring months. It has earlier been 
shown by Satheesh et al. (1999) that the widespread 
anthropogenic haze results in significant perturbations to the 
radiation budget, with large reductions in the solar insolation 
at the ocean surface. The reduction of sunlight reduces the 
evaporation rates, which further suppresses convection from 
the Indian Ocean, leading to reduced moisture transport 
towards the South Asian landmass during the peak monsoon 
season. This mechanism suggests the weakening of mon¬ 
soon circulation and reduction of monsoon rainfall. 

On an intra-seasonal scale, other mechanisms have been 
suggested which rest on the heavy and vertically extended 
aerosol loading over northern parts of south Asia, primarily 
over the IGP and the foothills of the Himalaya. The so-called 
elevated heat pump (EHP) hypothesis, proposed by Lau and 
Kim (2006), focuses on the absorbing aerosol build-up over 
the IGP prior to the onset of the summer monsoon. The 
enhanced dust loading, mixed with carbonaceous soot aero¬ 
sols, is vertically advected to elevated altitudes against the 
southern slopes of the Himalaya and causes significant 
warming in the mid-upper troposphere. In their climate model 
simulations, Lau et al. (2006) demonstrated that the resulting 
warming creates a temperature anomaly that can amplify the 
overturning of the meridional circulation, thus causing 
enhanced moisture influx from the Indian Ocean. This 
mechanism has been hypothesized in the advancement and 


intensification of the early summer monsoon. Lrom an 
observational perspective, few studies have also investigated 
the various feedback mechanisms of aerosol absorption 
effects on monsoon circulation and rainfall variability and 
trends (Lau et al. 2006; Gautam et al. 2009b; Manoj et al. 
2010; Bollasina et al. 2011). In addition to the aforementioned 
direct radiative impacts of aerosols on the monsoon, aerosol 
particles can also affect cloud microphysics via indirect 
effects of aerosols by modifying cloud properties; however, 
the impact of aerosol indirect effects on the system-wide 
monsoon rainfall are still largely unknown (Rosenfeld 2000). 

10.4.3 Cryosphere and Hydrosphere 

Glaciers on the HKH hold the largest ice mass outside the 
polar region, resulting in the name the Third Pole. Ten major 
Asian rivers originate in this region, including the Yangtze, 
Yellow, Yarlung Tsangpo (Brahmaputra), Ganges, and 
Indus. Like a water storage tower, glaciers and snow cover 
in this region provide fresh water to billions of people 
downstream. The proximity of the HKH to some of the 
largest sources of BC makes this area particularly vulnera¬ 
ble. The increasing air pollution in the HKH could impact 
the cryosphere through a complicated mechanism. Lirst, the 
light-absorbing particles (e.g., BC, BrC, and iron oxides in 
dust) could warm the atmosphere through absorbing solar 
radiation. Ramanathan and Carmichael (2008) suggested 
that the BC in the high Himalaya may contribute as much as 
carbon dioxide to the radiative forcing. Such atmospheric 
warming could subsequently lead to further melting of the 
snow through thermal transfer. More importantly, the 
impurities absorb the incoming solar radiation, thereby 
accelerating snow aging and melting processes and trigger¬ 
ing snow-albedo feedback (Llanner et al. 2009; Lau et al. 
2010; Yasunari et al. 2010; Qian et al. 2015). 

Using MODIS snow albedo data, Ming et al. (2015) 
investigated the changes of snow and glacier albedo in HKH 
for the period 2000-11. A general darkening trend of glacier 
surface was revealed, with the most rapid albedo decrease in 
the glacial area above 6,000 m. The mass-loss equivalent 
(MLE) of the HKH glacial area caused by surface shortwave 
radiation absorption was estimated to be 10.4 Gt/yr, which 
may contribute to 1.2% of the global sea level rise on annual 
average (2003-09) (Ming et al. 2015). 

Major sources of light-absorbing atmospheric aerosols are 
located around the HKH snowpack and glaciers, which 
include mineral dust and carbonaceous aerosols source 
regions. Mineral dust transport originates over the Thar 
Desert in India and several southwest Asian desert regions as 
far away as the Arabian Peninsula regions. The mineral dust 
aerosol loading peaks during the pre-monsoon and early 
summer monsoon months (April to July) on an annual basis 
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(Gautam et al. 2010). Major sources of carbonaceous aerosols 
are located widely over the IGP. Although the absorption 
strength of BC aerosols is several orders of magnitude larger 
than that of dust, the absolute concentrations of dust found in 
the HKH cryosphere are substantially larger than BC depo¬ 
sition (Ginot et al. 2014; Kaspari et al. 2014). Therefore, in 
addition to BC, dust aerosol deposition is considered a major 
agent causing snow albedo reduction in the HKH. 

For example, a recently conducted ice core study in the 
Mera Peak Glacier shows that annual mass fluxes of dust are 
a few orders of magnitude higher than of BC (Ginot et al. 
2014). Longer-term ice core records (on the scale of cen¬ 
turies) have also indicated peak annual dust concentrations 
in the Tibetan Plateau prior to the summer monsoon season, 
with enhanced dust deposition during periods of dry/drought 
conditions over southern Asia (Kang et al. 2000; Thompson 
et al. 2000). Satellite observations have also found wide¬ 
spread areas with desert dust deposited onto snow cover, and 
a reduction in snow reflectance in the western Himalaya and 
Hindu Kush cryosphere (Gautam et al. 2013). The concen¬ 
trations of both BC and dust are typically found to peak 
during the pre-monsoon season (Kaspari et al. 2011), 
although in situ-based measurements of snow impurities are 
still sparse and limited. The BC deposition over the HKH 
primarily comes from residential, industrial, and transport 
sectors, with the largest deposition occurring in summer 
months (Jenkins et al. 2013). 

Modeling results suggested that mineral dust caused a 
decrease of 5-25 mm in the snow water equivalent over the 
western Tibetan Plateau, Himalaya, and Pamir Mountains in 
winter and spring (Ji et al. 2016). Also in the Himalayan 
region, a 2.0-5.2% albedo reduction from BC deposition 
could result in an 11.6-33.9% increase in annual discharge if 
the reduced albedo snow layer remained at the glacier sur¬ 
face (Yasunari et al. 2010; Gertler et al. 2016). It should be 
noted that, currently, the modeling works for the transport, 
deposition, and radiative forcing of snow impurities indicate 
remarkable uncertainties (Qian et al. 2015). Biases may be 
partly due to the mismatch in the timescale between the 
modeling and observation. The lack of accurate data on 
optical and physical properties of impurities (e.g., BC, dust, 
and organic matters) in the atmosphere and snow is also an 
important reason. More field observations with higher time 
resolution (e.g., daily) at representative locations are 
urgently needed to validate the modeling results. 

10.4.4 Ecosystems and Agriculture 

Air pollution also has significant impacts on the ecosystem. 
Acid rain causes damage to forests and acidifies soils, and 
highly acidic precipitation has been observed in the eastern 
Himalaya, with pH value as low as 4.2 in Darjeeling, India 


(Roy et al. 2016). Acid deposition also affects yields for 
many crops and accelerates the erosion of buildings, statues, 
and sculptures (Singh and Agrawal 2008). Similarly, 
leaching of nutrients such as nitrates and phosphates in the 
rivers has resulted in harmful algal blooms, turning the 
coastal areas into “dead zones” (Rabalais et al. 2010). 
Increased nitrogen transport in rivers can also lead to 
enhanced microbial production of nitrogenous trace gases, 
including the greenhouse gas (GHG) nitrous oxide (N 2 0), 
both in streams and in receiving coastal areas (Beaulieu et al. 
2011; Naqvi et al. 2000). 

Exposure to increased ground-level 0 3 harms forest, 
plants, and agricultural crops by penetrating leaves through 
stomata and by oxidizing plant tissues. Adverse impacts 
result in impaired photosynthesis, protein and chlorophyll 
degradation, and reduction in metabolic activity (Booker 
et al. 2009; Fuhrer 2009). As a result, surface 0 3 exposure 
leads to crop yield losses, increased susceptibility to dis¬ 
eases, and increased senescence (Mauzerall and Wang 
2001). Losses of USD 1.2-3.8 billion per year are estimated 
due to wheat, maize, cotton, and soybean crop damage in 
India (Avnery et al. 2011; Ghude et al. 2014). 

10.4.5 Health 

Ambient and indoor air pollution are both large contributors 
to poor health, especially in developing countries. A recent 
report by the WHO (2014) estimated the global premature 
mortality rate linked to these two forms of air pollution at 2.7 
million and 4.3 million, respectively. The most recent Global 
Burden of Disease Study estimates approximately 5.8 million 
premature deaths due to PM pollution, half due to ambient 
pollution and half to household air pollution, as well as 
217,000 deaths due to ambient ozone (0 3 ) pollution 
(Forouzanfar et al. 2016). The largest number of premature 
mortalities from both ambient and indoor air pollution is 
considered to be from Asia. For example, in South Asia, 
household air pollution (HAP) from solid fuel burning is the 
dominant cause of death (Lim et al. 2012). In East Asia, 
ambient PM pollution is the fourth largest cause of death, 
while HAP is ranked fifth (Lim et al. 2012). The HKH is 
therefore no exception, and there is a large estimated number 
of premature deaths due to air pollution in each of the coun¬ 
tries within the HKH as shown in Table 10.1. The estimates 
vary, however, depending on the emissions used in the study, 
as well as the choice of the chemical transport model and the 
chosen concentration-response functions. For example, the 
premature mortality from outdoor air pollution in China can 
range from 300,000 to over a million, depending on the 
studies (Saikawa et al. 2009; Health Effects Institute 2017). 
What is important, however, is that these numbers are not 
negligible and more studies are essential for a better 
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Table 10.1 Air pollution and impacts of PM 2 .5 exposure in 1990 and 2013 for each of the HKH countries 



Mean annual 
ambient PM 2 5 

Total deaths from air 
pollution 

Total welfare losses 

Total forgone labour output 

Hg/m 3 

Million 2011 USD, PPP'-adjusted 
(% GDP equivalent) 

Million 2011 USD, PPP'-adjusted 
(% GDP equivalent) 

1990 

2013 

1990 

2013 

1990 

2013 

1990 

2013 

Afghanistan 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Bangladesh 

29.92 

48.36 

92880 

154,898 

6379 (4.66%) 

27,452 (6.14%) 

1195 (0.87%) 

2579 (0.58%) 

Bhutan 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

China 

39.3 

54.36 

1,518,942 

1,625,164 

126,592 

(7.35%) 

1,589,767 

(9.92%) 

12,558 

(0.73%) 

44,567 

(0.28%) 

India 

30.25 

46.68 

1,043,182 

1,403,136 

104,906 (6.8%) 

505,103 (7.69%) 

28,742 

(1.86%) 

55,390 

(0.84%) 

Myanmar 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Nepal 

29.68 

46.09 

16,436 

22,038 

1033 (4.60%) 

2833 (4.68%) 

195 (0.87%) 

287 (0.47%) 

Pakistan 

36.55 

46.18 

103,111 

156,191 

19,935 (6.06%) 

47,713 (5.88%) 

4713 (1.43%) 

6582 (0.81%) 


Source World Bank and Institute for Health Metrics and Evaluation (2016) 
Note 1. PPP stands for purchasing power parity 


assessment. Available studies on health impacts have focused 
on exposure to PM, tropospheric 0 3 , NO*, and S0 2 , as well as 
polycyclic aromatic hydrocarbons (PAHs) and heavy metals. 

10.4.5.1 Particulate Matter and Health 

Studies have found that the surface concentration of PM 2 5 is 
linearly associated with increased risk of various adverse 
health impacts, including premature mortality and morbidity 
(Hogg et al. 2004; Pope et al. 2002, 2004; Brook et al. 2010; 
Schwartz et al. 2008). Fine particles (PM 2>5 ) penetrate deep 
into the lung and damage cells in the airways, as well as 
causing lung and cardiovascular diseases. Ambient air pol¬ 
lution and PM 2 5 , in particular, have been classified as car¬ 
cinogenic to humans (Loomis et al. 2013). There have been 
21 studies identified since 1984, which have assessed the 
health burden of outdoor air pollution in the Kathmandu 
Valley and Nepal. Despite the limited data and resources, all 
of these studies have suggested adverse outcomes linked to 
air pollution exposure. 

Key findings from these research projects are threefold. 
First, the hospital records between 2007 and 2013 show an 
increase in cases and proportion of respiratory diseases, as 
well as their contribution to mortality among children under 
five years old over this period, which corresponded to the 
deterioration in air quality. Second, survey and observation 
analyses among people with different occupations, active 
locations, and age groups show that people who work or live 
near the main roads in urban areas are exposed to much 
higher levels of PM concentrations and therefore suffer more 
from health problems such as respiratory diseases, headache, 
and chest pain than those who do not. Third, estimated 
health effects from the dose-response functions show a 


heavy health burden due to the excessive PM concentrations. 
Reducing such health burdens can also relieve the country 
from the economic burden of mitigating those negative 
health effects. 

10.4.5.2 Other Air Pollutants and Health 

Tropospheric 0 3 also causes adverse health impacts, and 
studies have linked the exposure to it to higher rates of res¬ 
piratory and cardiovascular diseases, as well as chronic 
obstructive pulmonary disease (COPD) (Balakrishnan et al. 
2011; Chhabra et al. 2001 ; Gupta et al. 2007 ; Jerrett et al. 2009; 
Pande et al. 2002; Schwartz et al. 1994; Siddique et al. 2010). 
Asthma mortality and morbidity is also linked to 0 3 exposure, 
and even short-term exposure is known to aggravate existing 
lung diseases. NO* is known to have harmful effects on human 
and ecosystem health and is also linked to the formation of 
other harmful atmospheric pollutants, such as 0 3 and nitrate 
aerosols (Costa et al. 2014). S0 2 is also harmful to humans 
(Rail 1974) and ecosystem health and welfare, and it is a 
precursor to acid rain and sulphate particles (Horton 2012; 
Loomis et al. 2013; Murray et al. 2012; Pope et al. 2007; 
Schwartz et al. 1994). Exposure to ambient CO is also harmful 
to human health (Allred et al. 1989; Haldane 1912; Morris 
et al. 1995; Stem et al. 1988), and CO emissions are also 
important precursors to the formation of 0 3 . Polycyclic aro¬ 
matic hydrocarbons (PAHs) have also been investigated for 
possible links to an increased risk of cancers and cardiopul¬ 
monary diseases (Armstrong and Gibbs 2009; Burstyn et al. 
2003; Mastrangelo et al. 1996). PAHs are produced by 
incomplete combustion of fuel containing carbon, and there 
are several hundred compounds in this group. There have so 
far been only limited studies that have measured indoor PAH 
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concentrations in the HKH (Li et al. 2012; Rantalainen et al. 
1999). For the ambient air, during a two-week study period in 
autumn 2009, Kabul and Mazar-e Sharif in Afghanistan both 
showed high levels of PAHs from traffic, as well as coal and 
biomass combustion (Wingfors et al. 2011). 

10.4.5.3 Household Air Pollution 

HAP contributes to poor health and disproportionately 
affects those living in developing countries. HAP contains 
all the pollutants mentioned above and is considered as an 
additional exposure to ambient air pollution due to the 
burning within the household. Households that use biomass 
fuels usually have much higher household exposure than 
those using cleaner fuels (Shrestha and Shrestha 2005 ; Xiao 
et al. 2015). Several acute and chronic health conditions are 
associated with HAP, including acute respiratory infections 
(ARI), pneumonia, tuberculosis, chronic lung disease, car¬ 
diovascular disease, cataracts, and cancers (Smith et al. 
2000; Balakrishnan et al. 2004; Bruce et al. 2007; Dherani 
et al. 2008; Pope et al. 2010; Epstein et al. 2013). Prolonged 
exposure to high levels of HAP has been found to increase 
the frequency of ARI (Ezzati and Kammen 2001). Upadhyay 
et al. (2015) found that there was a higher probability of 
life-threatening respiratory illnesses (OR = 1.71-1.78) with 
the use of solid fuels. It is also important to note that the 
disease burden is borne predominantly by women and young 
children, who spend more time indoors (Boy et al. 2002; 
Smith and Mehta 2003; Bruce et al. 2006). 

Approximately 400,000 deaths from acute lower respi¬ 
ratory infection in children under five and 34,000 deaths 
from COPD in women are attributed annually to HAP in 
India (Smith et al. 2000; Balakrishnan et al. 2011). India 
contributes to 24% of the global annual child mortality due 
to ARI, 50% of which is due to HAP (Upadhyay et al. 2015). 
In addition, the use of solid fuels is considered to have been 
responsible for 20% of the total deaths among children 
between one and four years old (UPS & ORC Macro 2007). 

This high number of premature deaths from HAP in the 
HKH is due to the high rate of solid fuel use, as shown in 
Table 6.1. For example, in India, 71% of total households 
are assumed to use solid fuel, and the rate is 90% in rural 
areas (Agrawal 2012). Similarly, 50-60% and 98-99% of 
the population still cooks with biomass fuels in urban and 
rural Bangladesh, respectively (Bangladesh DHS 2011). In 
urban and rural Pakistan, respectively, 58% and 94% of the 
population uses biomass fuel (Qasim et al. 2014). One 
exception is the urban population in Afghanistan, where 
50% use LPG and 10% use electricity. In the rural areas, 
however, 62% rely on wood and 31% on dung, comprising 
more than 95% nationally dependent on wood. 


Although most research has been focused on health out¬ 
comes in adulthood, some recent studies also demonstrate 
HAP to be associated with low birth weight and infant 
mortality (Farmer et al. 2014; Pope et al. 2010). There are 
also some studies that support the hypothesis that exposure 
to HAP increases the risk of tuberculosis infection and dis¬ 
ease, although the data is still too limited to draw firm 
conclusions (Lin et al. 2007). There is conflicting evidence 
between HAP and asthma (Bruce et al. 2000), but there is a 
need for further research, as there has been a recent surge in 
the childhood asthma prevalence rate in many developing 
countries, including in the HKH. 

Through the PM 2 .5 and BC field campaign conducted in 
households in Nam Co, Tibet, in 2013, the highest and the 
third highest 6-h average BC (24.5 pg/m 3 ) and PM 2 .5 
(873 pg/m 3 ) concentrations were observed from a stone 
house that had a chimney stove, due most likely to limited 
ventilation in the household (Xiao et al. 2015). Despite the 
fact that 75% of the residents using a stove with a chimney 
indicated that they were not worried about indoor air quality, 
as opposed to only 29% of those using stoves without 
chimneys, they find that chimney installation did not by 
itself ensure adequate indoor air quality. Not simply the 
implementation but also chimney infrastructure is essential 
for mitigating HAP. 

10.4.6 Cost of Air Pollution in the HKH 

In addition to adverse health issues, air pollution also results 
in the loss of labour forces and reduces human welfare. 
Table 10.1 summarizes the mean annual PM 25 , total deaths 
from air pollution, total welfare losses, and total forgone 
labour output for years 1990 and 2013 (World Bank and 
Institute for Health Metrics and Evaluation 2016). 

According to the annual report of Nepal’s Department of 
Health Services (DoHS), ARI ranked No. 1 among the top 
10 diseases accounting for morbidity in Nepal. The his¬ 
torical data on ARI incidence in Nepal show a significant 
increase since fiscal year 2007-08. The incidence of ARI 
per 1,000 children under five years old among new patient 
visits is as high as 951 during fiscal year 2013-14 (DoHS 
2014). 

Nepal’s annual health cost attributed to urban air pollu¬ 
tion is estimated at USD 21 million, equivalent to 0.29% of 
the nation’s GDP (World Bank 2008). The impact of the 
high air pollution is witnessed and experienced by millions 
in their daily lives, in terms of worsening air quality (de¬ 
grading visibility), respiratory health issues, and regionally 
changing weather/climate patterns. 



10 Air Pollution in the Hindu Kush Himalaya 


369 


10.5 Mitigation Efforts for Improving Air 
Quality in the HKH 

For many of the pollution sources detailed earlier, 
technologies exist that can reduce emissions at the source or 
that allow carrying out the same activity with lower emis¬ 
sions. The challenge lies with barriers to their uptake: 
alfordability and financing, behavioural inertia, design and 
durability of technological solutions, and institutional mech¬ 
anisms to promote them. Infrastructure and energy planning 
at regional, national, and urban levels has a large impact on 
reducing emissions in the long term. Many of the countries 
lack coherent and dedicated institutions that could form and 
adopt evidence-based policies. Where such institutions exist, 
implementation and enforcement are weak. The transbound¬ 
ary nature of the problem calls for regional coordination, but 
this remains an even bigger challenge. This section discusses 
current and potential mitigating efforts in HKH. 

10.5.1 Mitigation Options in the HKH to Reduce 
Emissions 

What technologies can reduce emissions? And what moti¬ 
vates behavioural changes that lead to reduced emissions? 
This section looks at mitigation efforts and potential future 
approaches. There are existing technological solutions in 
various source sectors and we list the main sectors below, 
including cleaner cookstoves, cleaner brick kilns, diesel 
particulate filters, the Happy Seeder, solar powered irrigation 
pumps (SPIP) and others that will most likely be effective in 
mitigating air pollution in the HKH. 

10.5.1.1 Cookstoves 

In order to mitigate the prevalent HAP problem in devel¬ 
oping countries, a large research effort has centred on 
intervention studies and the development of so-called “im¬ 
proved cookstoves”. These stoves are optimized for fuel 
efficiency or to minimize HAP (Rehfuess et al. 2014). 
Installing a stovepipe to vent pollution out of the household 
is one example. Such stoves can improve health (Ezzati et al. 
2004), reduce climate change impact, and be cost effective 
(Baillis et al. 2009). However, many of these intervention 
programmes, including those using the Kyoto Protocol’s 
Clean Development Mechanism, have failed (Clark and Peel 
2014; Rehfuess et al. 2014). The local residents often do not 
adopt these improved cookstoves and even if they do, the 
traditional cookstoves are in many cases used simultane¬ 
ously, leading to no health benefits or any significant 
reduction of HAP (Edwards et al. 2007). On the other hand, 


in some parts of Tibet, there are households that have 
installed improved cookstoves for comfort or convenience, 
although awareness of HAP is non-existent and no inter¬ 
vention programmes have taken place. Here again, however, 
we find that the installation of an improved cookstove by 
itself does not necessarily lead to adequate indoor air quality. 
In short, the installation of improved cookstoves has not 
contributed to HAP reduction as intended. While improved 
solid-fuel stoves can reduce air pollution, the existing gen¬ 
eration of stoves does not do so by enough to provide sig¬ 
nificant health benefits (Edwards et al. 2007). 

There are numerous potential reasons as to why cook- 
stove interventions have failed, including stove design, 
cultural obstacles, and inappropriateness for local cooking 
needs. Another major reason is that the prioritization of other 
basic needs by the local residents (Martin et al. 2011; 
Mobarak et al. 2012) and the complex interactions between 
technology, human behaviour, economics, and infrastructure 
(Jin et al. 2006) have not been sufficiently considered. 

Switching to LPG, biogas, or electricity is more promising 
in some countries where it will be more readily available. 
Subsidies, credit, and marketing can help in moving house¬ 
holds to clean fuels. Subsidies to biogas can be expanded by 
using a voluntary climate change mitigation approach 
developed by parties to the United Nations Framework 
Convention on Climate Change called REDD+ schemes 
(Somanathan and Bluffstone 2015). The expansion of rural 
electricity access in Bhutan resulted in the percentage of rural 
households having electric rice cookers increasing from about 
20% in 2003 to about 80% in 2012 (Bhutan Living Standards 
Survey 2013), presumably substituting some solid fuel with 
electricity and thus reducing emissions. 

10.5.1.2 Brick Kilns 

Seven main brick kiln types exist in and surrounding the 
HKH: clamp kiln, moveable chimney Bull’s trench kiln 
(MCBTK), fixed chimney Bull’s trench kiln (FCBTK), 
zig-zag kiln, vertical shaft brick kiln (VSBK), Hoffman kiln, 
and tunnel kiln. MCBTK used to be most popular technol¬ 
ogy in the region but since it was banned across Nepal in 
2012, following the ban in the Kathmandu Valley and in 
India in 2003, FCBTK is now the most widely used tech¬ 
nology in the HKH. Bangladesh, however, has not banned 
MCBTK, which is therefore still ubiquitous in some parts of 
the country. MCBTK and FCBTK are both continuous, 
moving fire kiln types, where the fire always stays on and 
different parts of the kiln are used to warm, fire, and cool 
bricks simultaneously. Seventy-nine percent of bricks (260 
billion) are considered to be produced by this method in 
India, Pakistan, Bangladesh, and Nepal (Greentech 2014). 
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This is the most polluting of all the brick kiln types and 
commonly used fuels include coal, biomass, agricultural 
residue, and industrial waste. 

A zig-zag kiln is very similar to FCBTK with a contin¬ 
uous, moving fire, with the main difference being that the air 
flow within the kiln follows a zig-zag pattern around the 
bricks being baked, rather than the oval shape of the kiln. It 
also uses coal, biomass, and industrial waste as fuel. 
In VSBK, the ware moves, rather than the fire, creating 
counter-current heat exchange between air moving upward 
and bricks moving downward, and it uses coal as major fuel. 
The Hoffman kiln is a continuous, moving fire kiln that is 
semi-mechanized. It uses wood and coal as fuel. 
Like VSBK, the tunnel kiln is a continuous moving ware 
kiln. Clay products are passed on cars through a horizontal 
tunnel to be fired in a production process. This is a com¬ 
pletely mechanized system and is considered to be the most 
advanced technology. It uses coal and petcoke as fuel. There 
are only a limited number of these in the HKH. 

Emissions can be reduced significantly by upgrading kiln 
technology (Schmidt 2013). For example, shifting from the 
intermittent kilns such as clamp kilns or continuous kilns, 
including Hoffman or Bull’s trench, to a more efficient type, 
such as vertical shaft (VSBK), would lead to reduced fuel 
consumption and lower emissions of air pollutants as well as 
C0 2 . Use of alternative building materials, like hollow and 
perforated bricks or compressed unbaked bricks, should also 
be encouraged, since they require less raw material and 
energy to fire. Implementation of the new technologies and 
building materials, however, is not easy because of the cost 
associated with such changes. Increased availability of 
financial incentives for new technologies and stricter policies 
on emissions from brick kilns is essential for effective 
mitigation. 

10.5.1.3 Mitigating Transport Emissions 

There are several approaches to reducing transport emissions 
in the HKH. One approach is to implement emission stan¬ 
dards along with fuel quality standards. For this, catalytic 
converters in gasoline and diesel vehicles will be particularly 
useful in mitigating air pollutant emissions. Studies have 
found that complying with the Euro 3 standards in the HKH 
would lead to significantly reduced transport emissions 
(Saikawa et al. 2011; Shrestha et al. 2013). 

Another way to mitigate PM emissions effectively from 
the transport sector is using a diesel particulate filter (DPF). 
A DPF is a device mounted in the diesel vehicle’s exhaust 
system as an after-treatment device to remove PM from the 
exhaust. It is usually installed with a catalyst that is 


programmed to bum off the accumulated PM, when the filter 
becomes full. A DPF can reduce the amount of particulate 
emissions from diesel to levels comparable with compressed 
natural gas (CNG) vehicles. However, DPF is only effective 
with diesel fuel that has a sulphur content less than 50 ppm. 
For many countries in the HKH, this fuel quality is currently 
not available. 

To reduce vehicle emissions, a move to electric vehicles, 
as well as to CNG or LPG vehicles, is a potential option for 
some countries in the HKH. A decade and a half ago the 
Kathmandu Valley initiated the installation of 600+ electric 
three-wheeler vehicles called Safa Tempos to reduce emis¬ 
sions; in recent years, several hundred electric private 
vehicles have joined. For countries such as Bhutan and 
Nepal, where its electricity is mostly from renewable sour¬ 
ces, this option is extremely beneficial and effective in 
mitigating air pollution from the transport sector. Pakistan 
has been leading the installation of CNG vehicles in the 
world until the 2000s, and several countries in the region 
have followed suit to convert taxis and some diesel buses in 
various cities. For countries such as Bangladesh, retrofitting 
conventional vehicles with CNG will be a better option. 

For mitigating emissions from the transport sector, three 
ingredients are essential: stringent policies to reduce emis¬ 
sions, governmental mechanisms to incentivize the change 
through tax reduction on cleaner vehicles or subsidies for 
cleaner fuel, and inspection and maintenance. 

10.5.1.4 Other Sources—Agricultural Burning, 
Burning of Garbage and Emissions 
for Diesel Powered Irrigation Pumps 

Emissions from crop residue burning in the IGP could be 
reduced via subsidization and expansion of the Happy 
Seeder, a machine that allows wheat to be planted without 
removing the residue from the previous rice crop (Gupta 
2014). Other alternatives are distinctly more costly for 
farmers (Pant 2015). 

People burn garbage because of the absence or inade¬ 
quacy of garbage collection services in most less-developed 
countries (Hoomweg and Bhada-Tata 2012). Public aware¬ 
ness of the health hazards of emissions from garbage burn¬ 
ing could lead to alternative disposal via composting, 
especially in less dense areas. In most urban areas, however, 
the solution lies in better municipal solid waste collection. 
Increasing awareness of the problem could help build public 
support and pressure for financing such services. 

Emissions from diesel powered irrigation pumps can be 
reduced by replacing these with solar powered irrigation 
pumps. 
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10.5.2 Incentives and Behaviour Change 
for Improving Air Quality in the HKH 

Emissions from industry and transport require regulations to 
reduce emissions. Nevertheless, public awareness can also 
play a vital role. It seems very likely that the deluge of media 
reports that Delhi had the worst air quality in the world 
influenced the January 2016 advancement of the time 
schedule for introducing Euro 6-equivalent standards for fuel 
and new vehicles in India from 2024 to 2020 (Dallman and 
Bandivadekar 2016), despite opposition from the automobile 
industry (Mukherjee 2015). While obvious events like 
winter smog evoke media coverage and regulation (Wang 
2015), without publicly available air quality monitoring data, 
news reports on Delhi’s air quality would not have been 
possible. Monitoring can, therefore, be important for public 
and media awareness, which in turn influences regulatory 
action. 

The same is potentially true for HAP reduction. For 
example, China has pursued improved cookstove programs 
in the past and the National Improved Stove Program 
(NISP) of the 1980s and 1990s was successful in dis¬ 
tributing 180 million stoves across the country. However, 
research has indicated that NISP was not successful in 
adequately mitigating HAP (Edwards et al. 2007). In 2007, 
the Chinese government launched the One Solar Cooker 
and One Biomass Stove Program specifically in Tibetan 
regions and distributed 79,833 biomass stoves and 244,474 
solar cookers over four years. In 2012, another China Clean 
Stove Initiative was launched (World Bank 2013). Yet the 
literature on interventions that seek to reduce HAP by 
raising knowledge and awareness is scant (Barnes 2014). It 
appears essential that cookstove interventions become more 
community based and community driven so that there is 
increased awareness and induced behaviour change in order 
to effectively mitigate HAP in the HKH. Financial incen¬ 
tives and policies that exploit potential co-benefits are also 
appropriate to nudge individuals to switch to cleaner fuel 
options. 

10.5.3 Planning, Policies, and Institutions 

for Air Quality Management in the HKH 

What infrastructure investments would reduce emissions? 
What are the existing institutions and policies in HKH 
countries? What broader frameworks exist today? Many of 
the technical options surveyed in the previous section 
focused on abating air pollution at the source level. But 
there are also upstream structural changes to the energy and 
transport systems that could lead to significant reductions 
in air pollution, some of which are SLCPs, as well as 
GHGs. 


10.5.3.1 Clean Energy 

Among the most significant changes in recent years has been 
the sharp increase in renewable energy. As mentioned ear¬ 
lier, clean energy is abundant in Bhutan and Nepal, with 
most electricity originating from hydropower. Both India 
and China have been at the forefront of efforts to scale up 
solar, wind, and hydropower. For instance, China’s 11th and 
12th Five-Year Plans contain percentage targets for renew¬ 
able energy (Fin et al. 2007; Guo et al. 2014). These targets 
are often accompanied by policies that support investments 
in renewables. These include, for instance, feed-in tariffs 
(FIT) that pay back consumers for transferring renewable 
energy into the grid during off-peak times. Other sets of 
reforms place the onus on local governments to identify 
context-appropriate solutions. Cities such as Rizhao (Shan¬ 
dong Province)—which has become a pioneer in the use and 
manufacture of solar technologies—offer good examples of 
how local governments have innovated even before the 
central government’s energy-saving targets (Starke 2007). 
There have also been similar efforts to improve energy 
efficiency in China’s five-year plans. Among the more 
notable is the Top-1,000 Energy-Consuming Enterprises that 
pushed China’s most energy-intensive firms to embrace a 
series of reforms to firm-level planning and management 
systems (Price 2008). In India, tariff from solar powered 
plants is at its historical low and even lower than tariff from 
thermal plants—thereby making solar energy quite lucrative 
in the long run. 

10.5.3.2 Urban and Transport Planning 

Rapid urbanisation and motorization in the HKH have 
contributed greatly to deteriorating air quality. The transport 
community divides solutions to these kinds of problems into 
options that (1) avoid unnecessary travel through land use 
planning, (2) shift travelers to more efficient modes (often 
through providing and upgrading public transport), and 
(3) improve vehicle technologies or fuels (Feather 2009). 
Many parts of the HKH are developing programs that draw 
upon the avoid-shift-improve scheme. For instance, India 
began implementing the Jawaharlal Nehru Urban Renewal 
Mission, which offered fast-growing cities fiscal transfers to 
improve the quality of the public transport system and sur¬ 
rounding roads and infrastructure (Agarwal and Zimmerman 
2008). The infrastructure improvements are important, as 
significant levels of pollution can come from the resus¬ 
pended dust on unpaved or poorly paved roads (Guttikunda 
and Koppaka 2012). 

Some of the transport solutions will need to focus on 
emissions from diesel vehicles. A well-designed diesel 
control strategy will require not only tightening emissions 
standards that enable the installation of control technologies 
(particulate filters), but also improving fuel quality to ensure 
that sulphur does not degrade the operation of those 
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technologies (Minjares and Rutherford 2010). In recent 
years, some countries in the HKH have adopted tighter 
emissions and fuel quality standards—often with large cities 
such as Beijing and Delhi leading the way. These reforms 
will help mitigate emissions from new vehicles; a more 
challenging issue is the inspection and maintenance (I&M) 
of existing vehicles. A small percentage of so-called 
super-emitting vehicles can be responsible for more than 
50% of emissions. Unfortunately, I&M programs for diesel 
have proven notoriously difficult to design and operate 
effectively in developing country contexts (Hausker 2004). 

In Nepal, the ban on the import of new three-wheelers and 
two-stroke engine vehicles in 1991 and 1992, respectively, 
marked the initial government efforts to combat air pollution 
from the road transport sector. The first in-use vehicle emis¬ 
sion standard was introduced in 1995 and the vehicle emis¬ 
sion testing and control system was implemented in the same 
year. In 1999, Nepal started importing unleaded fuel, removed 
highly polluting diesel three-wheelers, and enforced the Green 
Sticker system to enhance vehicle emission testing and con¬ 
trol. In 2004, two-stroke three-wheelers and 20-year-old taxis 
were removed from Kathmandu, and the ban on the plying of 
20-year-old public transport vehicles inside Kathmandu Val¬ 
ley was implemented as well. For emission standards, 
Government of Nepal (GoN) introduced the Euro 1 equivalent 
norms for new vehicles in 2000, and started supplying Euro 3 
standard fuel in 2010. In addition, since 2007, GoN started 
collecting a pollution tax of NPR 0.5 from each litre of petrol 
and diesel sold in Kathmandu Valley. While the necessary 
policies are in place, compliance remains a challenge. 

As growing motorized vehicle fleets have made many 
streets more dangerous, the fraction of people walking or 
using bicycles has decreased. Urban transport planning that 
not only focuses on motorized vehicles, but also provides 
sufficient safe space and cross-city pathways for 
non-motorized transport is important both to keep air pollution 
down and to promote the health benefits of physical exercise. 

10.5.4 National Ambient Air Quality Standards 
and Air Quality Management in the HKH 

Table 10.2 illustrates the national ambient air quality stan¬ 
dards implemented in each of the countries in the HKH, as 
well as the three WHO interim targets and the WHO air 
quality guideline. 

10.5.4.1 Air Quality Management Institutions 

Institutional arrangements that enable interagency coordina¬ 
tion and actively engage multiple stakeholders are critical to 
managing air pollution problems. One of the main constraints 


in the HKH (and elsewhere) has been the lack of clear divi¬ 
sion of roles and responsibilities and the absence of a coor¬ 
dinating mechanism that could break down agency silos 
(ICIMOD 2007). Many of the HKH countries lack a coherent 
air pollution institutional framework and clear responsibilities 
for air quality management of each stakeholder. The institu¬ 
tional framework for air quality management in Nepal 
(Box 10.7) illustrates why better coordination is needed. 

Box 10.7 Nepal’s air quality management insti¬ 
tutional framework 

The institutional framework for air quality manage¬ 
ment in Nepal involves four ministries and seven 
departments and centres, as well as four local agencies 
and institutions such as municipalities and traffic 
police. The framework is divided into two parts cor¬ 
responding with respective managing functions—pol¬ 
icy making and implementation. Policymaking 
responsibilities are handled chiefly by the four min¬ 
istries: the Ministry of Industry (Mol), Ministry of 
Forest and Environment (MoFE), Ministry of Physical 
Infrastructure & Transport (MoPIT), and Ministry of 
Urban Development (MoUD). MoFE is mainly 
responsible for the environmental protection-related 
policy making and supervision. Mol and MoPIT are 
charged with the policy making and supervision rela¬ 
ted to the industry and transportation sectors, respec¬ 
tively. Since road transport and industries such as 
brick kilns and cement factories are significant air 
pollution sources in Nepal, industrial and transporta¬ 
tion policies have considerable impacts on air quality. 
MoUD plays a critical role in the framework, 
managing urban planning and developing road 
standards. 

Within the ministries, there are several departments 
and institutions, such as the Department of Environ¬ 
ment, which is responsible for the development of 
vehicle emission standards, and the Department of 
Transport Management, which is responsible for vehi¬ 
cle inspection and registration. Further, Nepal’s Bureau 
of Standards and Metrology is in charge of fuel quality. 
Besides ministries and departments, local governments 
and institutions also contribute to the Kathmandu Val¬ 
ley’s air quality control. For example, on-street vehicle 
emission inspections are often undertaken by the traffic 
police. Furthermore, although the Environment Pro¬ 
tection Council, formed under the chairmanship of the 
Prime Minister, was intended to be a high-level body 
that could help with interagency coordination, it did not 
meet from the early 2000s until 2017. 
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There is some evidence of reforms in the region that have 
helped overcome some of these institutional challenges. In 
China, the performance of local officials on many of the air 
pollution targets is being used to determine whether and 
where officials will be promoted (Guo et al. 2014; Young 
et al. 2015). Meanwhile, in Delhi, India, the judicial system 
played an instrumental role in public transport introducing 
less polluting CNG (Goyal 2003). 

10.5.4.2 Air Quality Management Programs 
and Initiatives in the HKH 

China has instituted a series of increasingly stringent regu¬ 
lations to curb emissions of PM 2 . 5 . These followed a set of 
serious smog episodes that beset Beijing and other cities in 
2013. In response to the growing public concerns over the 
smog, the Ministry of Environmental Protection (MEP) pub¬ 
lished Guidelines for Preparing Emergency Response Plans 
for Heavy Air Pollution in Cities in May 2013 (General Office 
of the Ministry of Environmental Protection 2013). Air pol¬ 
lution was also deemed important by the top leaders of the 
Chinese government, and in September 2013, the State 
Council issued the Action Plan for Air Pollution Prevention 
and Control (State Council 2013). One week later, the MEP, 
together with five other ministries, jointly issued the Detailed 
Implementation Guidelines for Carrying Out the Plan for Air 
Pollution Prevention and Control in Beijing-Tianj in-Hebei 
and Surrounding Areas (Ministry of Environmental Protec¬ 
tion 2013). 

In addition to the aforementioned initiatives by China, 
there are also other intergovernmental agreements and 
frameworks in the HKH to reduce air pollution. We list some 
of the major ones below to illustrate the current efforts and 
emphasize the need for more collaboration within the region. 

Male Declaration on Transboundary Air Pollution (1998- 
2016) 

The Male Declaration on Control and Prevention of Air 
Pollution and Its Likely Transboundary Effects for South 
Asia was created in 1998 to bring together Bangladesh, 
Bhutan, India, Iran, Maldives, Nepal, Pakistan, and Sri 
Lanka in addressing transboundary air pollution and conse¬ 
quential impacts in South Asia. The agreement was signed 
by the Governing Council of South Asia Cooperative 
Environment Program (SACEP) and implemented by the 
United Nations Environment Programme (UNEP) and 
SACEP with funding from the Swedish International 
Development Cooperation Agency. The agreement has made 
progress on science and gained financial support from the 
Indian government that could increase ownership and 
influence. Bangladesh, Bhutan, Nepal, and Sri Lanka have 
submitted their national emissions inventory as a part of the 
agreement to prevent transboundary air pollution. There 


were five phases in total until 2016 and the main activities 
also included air pollution monitoring and modeling; health, 
crop, ecosystem, and corrosion impact assessment; inte¬ 
grated assessment modeling; development of policy 
responses; and awareness raising activities. More informa¬ 
tion can be found at http://www.sacep.org/?page_id=2725. 

The Acid Deposition Monitoring Network in East Asia 
(EANET) (1993-Current) 

EANET covers 13 countries and receives technical support 
from the Asia Centre for Air Pollution Research as the 
network centre in Niigata, Japan. The UNEP Regional 
Resource Centre for Asia and the Pacific serves as the 
EANET Secretariat. EANET has concentrated on compiling, 
evaluating, exchanging, and disseminating data. The net¬ 
work has made progress in standardizing and strengthening 
monitoring and building capacity, but most of this progress 
has been on science, not policy. Some have concluded that 
EANET is at the same point as Europe’s Convention on 
Long-Range Transboundary Air Pollution (CLRTAP) in the 
late 1970s (see discussion of other networks) and that 
strengthening the implementation of national actions may be 
more productive than aspiring to emission targets and 
compliance mechanisms characteristic of a hard-law agree¬ 
ment (Schreurs 2011). More information can be found at 
http://www.eanet.asia. 

Asia Pacific Clean Air Partnership (2014-Current) 

The Asia Pacific Clean Air Partnership (APCAP) was 
launched in 2014 as a mechanism that has as one of its main 
goals bringing together many regional air pollution agree¬ 
ments in Asia. To help achieve that goal, a Joint Forum was 
first convened that same year. The Joint Forum aims enable 
countries and officials associated with different air pollution 
agreements to discuss pragmatic approaches to improving air 
quality. A second goal of the APCAP is to equip the region’s 
policy makers with the most recent atmospheric science. To 
help achieve this goal, an APCAP science panel was created 
with eminent scientists in the region. Many of the panel 
members are contributing to a high-profile assessment report 
on air pollution in the Asia Pacific region. The assessment 
report will be the shared output of APCAP and the Climate 
and Clean Air Coalition. 

Climate and Clean Air Coalition (2012-Current) 

The Climate and Clean Air Coalition (CCAC) was launched 
in 2012 with seven initial partners (the governments of 
Bangladesh, Canada, Ghana, Mexico, Sweden, and the 
United States, along with the UNEP) to improve air quality 
and climate by reducing SLCPs, especially focusing on BC, 
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methane, and hydrofluorocarbons (HFCs). It has now 
expanded to more than 50 country partners and even more 
non-state partners, although to date Bangladesh and Pakistan 
are the only HKH countries. The CCAC does not intend to 
promote actions on SLCPs (BC, HFCs, methane and tro¬ 
pospheric 0 3 ) as a substitute to mitigating GHG; rather it 
recognizes the importance of complementing and supple¬ 
menting GHG emissions under the United Nations Frame¬ 
work Convention on Climate Change. The CCAC aims to 
achieve its objectives through a set of seven sector-specific 
(diesel, waste management, brick kilns) and four 
cross-cutting (national action planning, urban health) initia¬ 
tives. Each of these initiatives functions by raising awareness 
of impacts and mitigation strategies, improving scientific 
understanding of their impacts, and enhancing and devel¬ 
oping national as well as regional actions. More information 
can be found at http://www.ccacoalition.org/en. 

Other Sector-Specific Mechanisms 

One of the mechanisms aiming to reduce emissions from 
residential cookstoves is the Global Alliance for Clean 
Cookstoves. The Global Alliance was established in 2010 as a 
private-public partnership with the explicit goal of increasing 
the number of clean cookstoves to 100 million by 2020. The 
Global Alliance works with national governments, 
non-governmental organizations, and the private sector to 
raise awareness, strengthen scientific evidence, develop stan¬ 
dards and labels, and explore innovative financing for clean 
cookstoves programmes. The alliance shares a close rela¬ 
tionship with the Partnership for Clean Indoor Air, which has 
focused on capacity building, technical assistance, project 
implementation, and knowledge management on indoor air 
pollution, household energy, and health. For several years, 
UNEP has worked with partners on Project Surya on a 
people-centred approach to support clean cookstoves in India. 
More information can be found at http://cleancookstoves.org. 

There are also several mechanisms with the potential to provide 
support on clean diesel. The Partnership for Clean Fuels and 
Vehicles (PCFV) was launched at the World Summit on Sus¬ 
tainable Development in 2002 to assist developing countries in 
reducing mobile source air pollution. Having achieved success 
with the removal of lead, the PFCV is now working on low¬ 
ering sulphur levels in diesel to below 50 ppm. Lowering 
sulphur levels would be a necessary precondition for installing 
diesel after-treatment devices. The PCFV has also gathered 
valuable insights into the aforementioned I&M programmes. 

Relevant Experiences from Elsewhere 

CLRTAP is one of the best known regional frameworks for 
reducing transboundary air pollution. It includes the first 


treaty in 1979 and eight associated protocols between 1984 
and 1999 to reduce emissions of selected air pollutants in 
Europe and North America. CLRTAP offers an example of a 
science-based, legally binding convention that has been 
successfully implemented over the years. Each contracting 
party is responsible for developing the best policies and 
strategies, and CLRTAP emphasizes the control measures 
that are both economically feasible and the best available 
technology. It is also important to recognize the exchange of 
information that was essential among the countries. 

Within Asia itself, another initiative is the ASEAN Haze 
Agreement. The agreement recognizes the problem of forest 
fires on air pollution, as well as the economic loss associated 
with it. Prevention, operational mechanisms, and enforce¬ 
ment are all included in the agreement. 


10.6 Key Challenges in Reducing Air 
Pollution in the HKH 

It is clear that rapid urbanisation and other changes in the 
HKH and surrounding areas have brought increased emis¬ 
sions from industry and transport that require regulation to 
reduce emissions. There are several key challenges to effec¬ 
tively mitigating the air pollution issues in the HKH, and in 
this section we list several major challenges in the region. 

10.6.1 Recognition of Air Pollution as a Problem 
and Co-benefits of Mitigation 

It is essential for the HKH country governments to recognize 
air pollution as a problem and to implement effective mea¬ 
sures to mitigate it. Health benefits from mitigating air 
pollution are undeniably the most important and strategies 
that aim to achieve such benefits from reducing PM emis¬ 
sions from the transport sector and solid fuel use in cook¬ 
stoves have significant potential in the region (UNEP 2011). 
Another important source of PM emissions, as illustrated 
earlier, is brick kilns. Cost-effective measures need to be 
scaled up to reduce these emissions. 

In some cases, measures targeting SLCPs, especially BC, 
tropospheric 0 3 , and methane, will lead to co-benefits, 
including improved public health, reduced crop-yield losses, 
and reduced climate change impacts (UNEP 2011). There is 
sufficient evidence of BC concentrations increasing adverse 
health impacts, including all-cause and cardiovascular mor¬ 
tality, and cohort studies also provide similar evidence of 
long-term average BC exposure with these mortalities 
(Janssen et al. 2012). From such measures targeting SLCPs, 
the greatest benefit for regional climate is expected in the 
HKH (UNEP/WMO 2011). 
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10.6.2 Transboundary Pollution Flows, 
Collaborations, and Cooperation 

The regional air pollution problems, including winter haze 
and fog, have strong implications for the region. As detailed 
in the previous sections, air pollution is a transboundary 
issue and has impacts on the region-wide weather, climate, 
and agriculture, as well as socioeconomic sectors. A coor¬ 
dinated South Asian effort is thus necessary to better 
understand the processes governing the severity of the 
regional air pollution in the HKH. Regional coordination and 
collaboration is essential to enhance the mitigation at the 
local and national levels (UNEP 2011). 

Legally binding regional agreements, similar to the 
CLRTAP and the ASEAN Haze Agreement, could be used 
to provide a platform for policy action on controlling air 
pollution. Intergovernmental initiatives like the Male Dec¬ 
laration could be an important basis for developing neces¬ 
sary scientific knowledge, in addition to raising awareness 
and enhancing capacity building for improving air quality in 
the region. In the HKH, where the impact of BC on climate 
change is clearly visible, coordinated regional action as seen 
in the Arctic is particularly important (UNEP 2011). 

10.6.3 Implementation Gaps and Challenges 

As highlighted in the previous section, there is no shortage 
of solutions to help manage air pollution in the HKH. Fur¬ 
thermore, in many cases the recommended policy options 
have already been promulgated in the region. There are, 
however, several persistent implementation gaps that sepa¬ 
rate what is written on paper from what is achieved on the 
ground. This section discusses some of the barriers behind 
these implementation gaps. 

The vast majority of technical solutions require supportive 
technologies infrastructure to be implemented effectively. 
This is particularly true for transportation. Improvements in 
the quality and coverage of public transport, for instance, will 
fail to generate significant reductions unless there are 
well-paved and thoughtfully designed roads and hubs. Simi¬ 
larly, the penetration and diffusion of large-scale renewable 
installations depends heavily on the quality and quantity of 
the electricity grid. Supportive technologies also play a role in 
enabling the introduction and diffusion of smaller scale 
technologies. To illustrate, switching from biomass-based 
cookstoves to those powered by cleaner fuels requires 
infrastructure that can deliver a dependable supply of those 
fuels. In many cases, it is the combined absence of multiple 
supportive technologies that leads to a condition known as 
“lock-in,” referring to the frequently observed resistance to 
change that permeates energy systems (Unmh 2000, 2002). 


Another set of policy and institutional barriers can also 
lock in the current technologies and place a drag on reform. 
Arguably, the most prominent set of policy barriers involve 
energy subsidies. In many parts of the world, governments 
provide resources to bring down the costs of fossil fuels. 
However, in many cases these price supports have had the 
unintended consequence of placing cleaner fuels and energy 
sources at a price disadvantage. For example, excessively 
high subsidies (up to 90% some cases) on solar powered 
irrigation pumps in some states in India has reduced incen¬ 
tives for technical innovations on the one hand and limited the 
adoption to only the richest and politically connected farmers 
(Kishore et al. 2014). More troubling still is that efforts to rein 
in subsidies are often met with political backlash and reprisals 
that can force governments to reverse decisions to curb price 
supports. Further, while subsidies are intended to benefit 
chiefly the poor, they often bring disproportionate benefits to 
companies that extract and refine fuels and wealthier seg¬ 
ments of the population (Coady et al. 2015). 

A related set of barriers involves the institutions that are 
chiefly responsible for designing and implementing air pol¬ 
lution regulations. As mentioned in the discussion of air 
quality institutions, interagency coordination can be a major 
constraint on needed policy reforms. The majority of air 
pollution problems require more than one agency working 
together; absent institutional arrangements to facilitate that 
coordination, policy formulations are likely to be flawed 
from their inception. More commonly, a lack of institutional 
coordination surfaces as a barrier during policy implemen¬ 
tation. This is particularly true because government agencies 
in some cases have missions that are closely aligned with 
those of the polluting entities. The end result can be that 
while one branch of the government works to enforce reg¬ 
ulations, another works at cross-purposes to flout those 
regulations (Rock 2002; Bhatt et al. 2008). 

A third set of institutional barriers relates to administra¬ 
tive capacities. There are multiple ways that a lack of 
capacity can impinge on regulatory enforcement. Arguably, 
the most obvious is that an insufficient workforce makes it 
difficult to enforce regulations. There is, however, also the 
need not just for sufficient numbers of people, but for people 
who possess needed skills and knowledge. Well-trained staff 
are particularly important for a policy area such as air pol¬ 
lution, as the topic is inherently complex and thus requires a 
clear understanding of the links between source, emissions, 
and impacts. Finally, it is worth noting that capacity is not 
simply necessary for effective enforcement; it can also prove 
useful in conceiving of innovative incentives for behavioural 
and lifestyle changes that may prevent emissions in the first 
place (Li and Zusman 2006; World Bank 2007). 

A final set of challenges involves some of the regional 
and global air pollution initiatives discussed previously. 
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Many scholars of international relations suggest that these 
institutions would not struggle to regulate the behaviour of 
governments. The fact that these institutions focus on dif¬ 
ferent countries and pollutants and tend to focus more on 
information sharing and raising awareness suggests there 
may be some merit to these claims. At the same time, there is 
also a body of literature that argues that information sharing 
and raising awareness play an important though less obvious 
role in shaping the interests of governments when it comes 
to transboundary environmental problems (Mitchell 2003, 
2006). It is clear that for reducing air pollution in the HKH, 
policies for mitigation need to be implemented together with 
enhanced education and awareness-raising campaigns within 
and surrounding the HKH. 
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Chapter Overview 


Key Findings 

1. More than one billion people are at risk of 
exposure to increasing frequency and intensity 
of natural hazards. Rising trends appear in the 
number of disasters reported, the numbers of peo¬ 
ple killed and affected, and the size of economic 
losses. This is due to various drivers including 
climatic change and environmental degradation. 

2 . Cascading events resulting from a multi-hazard 
environment have upstream-downstream link¬ 
ages, often with transboundary impacts. 
The HKH is especially prone to floods, flash 
floods, avalanches, and landslides, but also to 
droughts and earthquakes. The number of GLOFs 
in the region are increasing. There is lack of 
institutional mechanism and capacity to deal with 
multi-hazard environment and cascading disasters. 


3 . When disasters hit the HKH, they affect more 
women than men. Gender is one of the most 
significant factors affecting vulnerability to disas¬ 
ters in the region. This can be ascribed to women’s 
lack of access to information, power, money, and 
training, high rates of male outmigration, and 
associated gender-based norms and barriers. 


Policy Messages 

1. Institutions and governments in the HKH 
urgently need to adopt a standardized, 
multi-hazard risk assessment approach. Such an 
approach should address primary, secondary, and 
cascading hazards. 
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2. All stakeholders including governments, individu¬ 
als, households, and communities need to take 
urgent action for enhancing resilience through 
the four pillars—information, infrastructure, 
institutions, and insurance. A balanced use of 
four key instruments is required: command and 
control, monetary incentives, persuasion, and 
nudging. Sensitization to gender differential vul¬ 
nerabilities within society must be inculcated for 
reducing mortality and morbidity. 

3. The countries of the HKH need to cooperate 
more extensively and effectively by sharing data, 
information, and scientific and indigenous 
knowledge, and by fostering transboundary 
disaster risk reduction practices. Institutional 
arrangements for collective action should be 
enhanced and capacity building programmes 
organized for strengthening regional cooperation. 


The Hindu Kush Himalaya (HKH)—covering more than four 
million square kilometres from Afghanistan to Myanmar—is 
one of the world’s most ecologically diverse mountain biomes, 
with extreme variations in vegetation. It is also one of the most 
hazard-prone. Because of its steep terrain, high seismicity, fragile 
geological formation, and intense and highly variable precipita¬ 
tion, the HKH is especially vulnerable to floods, landslides, 
avalanches, and earthquakes (i well-established ). 

Currently, natural hazards in the HKH are increasing in 
magnitude and frequency—a trend driven partly by climate 
change. Environmental degradation generally poses a major 
threat to lives and livelihoods. However, a community’s 
vulnerability to natural hazards also includes the exposure of 
people and property to disasters and their impact. 

While some of the factors in exposure and vulnerability 
are physical and environmental, other factors are socioeco¬ 
nomic, such as poverty, human settlement and habitat, lack of 
preparedness, susceptibility, and adaptive capacity. Poverty 
leaves many people in the region with few resources when 
trying to rebuild their homes and livelihoods (see Chap. 12). 
With the exception of China, the countries of the HKH rank 
below the global average on the Human Development Index 
(HDI). Income inequality is also high throughout the region, 
except in China and Bangladesh. These facts imply high 
vulnerability to natural hazards ( well-established ). 

Gender emerges as one of the most significant socioe¬ 
conomic factors affecting vulnerability. While both men and 
women in the HKH have valuable knowledge, skills, expe¬ 
rience, and coping capacities, these strengths tend to differ 
by gender (see Chap. 14). And unlike men’s capacities and 
knowledge, those of women are often ignored in policies and 


formal arrangements related to development, mitigation and 
recovery. As we stress in the chapter, policy makers and 
planners must ensure that women actively participate in 
capacity building and gain access to information that would 
prepare them better for disasters. Indicators related to both 
gender equality and education are even more dramatically 
low for the HKH compared with world averages, than are 
income and income equality ( well-established ). 

Disaster risks are a function of interplay between three 
key elements: hazard, exposure, and vulnerability. Natural 
hazards are increasing in magnitude and occurrence due to 
various drivers of change including climate change. The 
susceptibility of a community to the impact of a natural 
hazard increases due to both exposure of people and prop¬ 
erty to the hazard, and vulnerability. The IPCC AR5 also 
elaborates on the interactions among these key elements in 
addressing the need for risk management and adaptation to 
the risks of climate change. Based on this concept of disaster 
risk, hazard, exposure, and vulnerability, this chapter envi¬ 
sions a policy framework to reduce risk and enhance resi¬ 
lience. When seeking ways to increase resilience to disasters 
in the HKH, policy makers need to consider five key issues: 

1. the multi-hazard environment, 

2. close links between upstream and downstream hazards, 

3. the effects of climate change and variability, 

4. the challenge of connectivity and physical access, and 

5. governance. 

The multi-hazard environment is common to many 
countries of the HKH ( well-established ). In Nepal, for 
example, the local term for floods is badhi-pahiro , ‘floods 
and landslides’—probably because of the way in which 
flooding mountain streams can erode river banks by under¬ 
cutting, leading to landslides which in turn can form natural 
dams that later breach, causing flash floods. Similarly, 
earthquakes can trigger both landslides and flash floods. 
Efforts to build resilience thus need to consider not just the 
primary event, but also secondary hazards involving cas¬ 
cading threats and disasters (Shrestha et al. 2016). 

Also important are the upstream and downstream linkages 
of hazard events. Exposure to hazards can extend, though 
with a time lag, to an area much larger than the site of the 
primary event, often across international borders. Even 
within the same country, physical infrastructure that is sup¬ 
posed to increase resilience, such as early warning systems 
for flash floods, may not be as widely available as necessary. 
Institutional arrangements for coordination and cooperation 
at various levels could also be an issue when managing 
linkages between upstream and downstream hazard events, 
especially if the communities at each end lack mechanisms 
for reciprocal cooperation, and this is compounded when the 
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affected areas lie across international boundaries. For exam¬ 
ple, the outburst of a landslide-dammed lake in the Tibetan 
Autonomous Region of China could seriously damage a 
Nepalese hydropower plant. Similarly, events in Nepal could 
endanger India’s densely populated northern states. Com¬ 
munication channels between local authorities in upstream 
and downstream nations are often poorly developed and 
central government efforts to establish communication may 
intervene too late to save human lives or infrastructure 
(<established but incomplete). 

Among the impacts of climate change and variability are 
the growing number and size of glacial lakes: Himalayan 
glaciers have retreated rapidly in recent decades, causing 
many such lakes to form and expand (see Chap. 7) ( well- 
established ). Climate change is expected to lead to further 
increases ( established but incomplete). The instability of the 
moraine materials holding back these lakes poses a risk of 
glacial lake outburst floods (GLOF). In addition, shifting 
monsoon patterns may result in episodes of intense precip¬ 
itation, leading to further increases in floods, landslides, and 
soil erosion {established but incomplete). 

The challenge of connectivity and physical access can 
involve road and air travel and information and communi¬ 
cations technology in sparsely-settled and often remote 
mountain areas. Finally, this very remoteness raises gover¬ 
nance as a key issue. Compared to better connected areas, 
local governments and communities need the capacity to 
make decisions about hazards that commonly affect isolated 
and remote locations. In addition, national plans and insti¬ 
tutional options for strengthening adaptive capacity may not 
fully reflect local realities and could be more thoroughly 
informed by local adaptation concerns {inconclusive). 

To address these five key issues for upstream and down¬ 
stream communities in the HKH, we present a new disaster 
risk reduction (DRR) framework that can help in assessing 
hazard and risks while discussing adaptation and resilience 
measures. While developed specifically for the region, it 
draws on two existing frameworks: the Hyogo Framework 
for Action 2005-15 and the Sendai Framework for Disaster 
Risk Reduction 2015-2030. It has four elements: 

• Information: sharing hazard information between 
upstream and downstream communities, ensuring com¬ 
munication about cascading hazards 

• Infrastructure: adapting to climatic and seismic risks, 
investing to enhance connectivity 

• Institutions: addressing gender and governance dimen¬ 
sions and developing mechanisms to connect national 
institutions, policies, and actions with local ones 

• Insurance: insuring, or transferring risk, to build resi¬ 
lience to residual disaster risks (those that may not be 
eliminated) 


We also present a matrix showing how these four disaster 
risk reduction elements can interact with four components of 
resilience-building programmes: 

1 . command-and-control mechanisms such as zoning reg¬ 
ulations, land use guidelines, and building codes; 

2. monetary incentives such as subsidies on insurance 
premiums; 

3. persuasive information such as risk maps; and 

4. nudges ’ such as early warning systems. 

Alongside the new disaster risk reduction framework, 
standard multi-hazard risk assessment protocols are needed 
to study the HKH as a multi-hazard environment. Cascading 
hazards, especially, require a multi-hazard methodology that 
integrates complex “hazard interactions and interaction net¬ 
works” and a multi-hazard early warning system. Successful 
management critically depends on such assessments—but 
tools for the HKH have not yet been developed. The process 
of creating these standard protocols must be as participatory 
as possible, comprised of diverse stakeholder perspectives. 

Because natural hazards know no borders, disaster risk 
reduction in the HKH would benefit greatly from stronger 
regional cooperation [established but incomplete]. Events 
such as the 2005 Kashmir earthquake and the 2010 Pakistan 
floods have prompted calls for increased efforts. In the Asia 
regional plan for implementation of the Sendai framework 
for disaster risk reduction 2015-2030 a two-year action plan 
for 2017 to 2018 seeks to strengthen existing regional 
mechanisms to reduce the risk of, and enhance early warning 
and preparedness for, transboundary disasters. A regional 
approach, with efforts in timely data sharing and modelling, 
should improve flood management and help mitigate adverse 
impacts in transboundary basins. 

Disaster Risk Reduction (DRR), the HKH, and the 
Sustainable Development Goals (SDGs) 

Building disaster resilience in the mountains requires 
decision making that is informed by the best available 
studies of disaster risk reduction (DRR) and climate 
change adaptation. Because of mountain communities’ 
high vulnerability to extreme weather events and nat¬ 
ural hazards such as floods, landslides, earthquakes, 
and avalanches, disaster risk reduction assumes a high 
profile in the 2030 sustainable development agenda. 
Especially relevant to the HKH are Sustainable 
Development Goals (SDGs) 1 (End poverty), 5 
(Gender equality and empowerment of women and 
girls), 9 (Build resilient infrastructure), 11 (Make cities 
and human settlements inclusive, safe, resilient and 
sustainable), 13 (Combat climate change), and 15 
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(Manage forests and combat desertification).To com¬ 
plement the relevant formal SDGs, we propose the 
following vision for mountain disaster risk reduction: 
By 2030, build resilience to reduce disaster risks and 
losses in lives, livelihoods and assets from natural 
disasters in mountain regions substantially through 
informed decision making and enhanced prepared¬ 
ness. Supporting this vision are four targets: 

1. Reduce human deaths, economic loss, and the 
number of people affected due to disasters and 
extreme climate events, especially for women and 
children [SDGs 5, 13]. 

2. Make human settlements and habitats safe, inclu¬ 
sive, resilient, and sustainable through capacity 
building, legislation, education, livelihoods, better 
zoning and building regulations, and a multi-hazard 
risk reduction approach [SDGs 9, 11, 13]. 

3. Ensure protection from exposure to extreme events 
such as floods and droughts [SDGs 1, 13]. 

4. Provide access to disaster risk reduction and miti¬ 
gation measures, including finance and technology, 
with the knowledge and capacity building needed 
to use them [SDG 13]. 


11.1 The Hindu Kush Himalaya: An 
Uncertain, Multi-hazard Environment 

Disaster risk depends on how likely different kinds and 
intensities of natural hazards are to occur, the elements 
exposed, and their vulnerability (World Bank 2005). Moun¬ 
tain development and disaster risk are inherently linked, as 
many mountain settlements are located on unstable mountain 
slopes that are prone to landslide and erosion, or on river 
terraces and alluvial fans that are susceptible to debris flows 
and floods. The Hindu Kush Himalaya (HKH) is one of the 
most fragile mountain regions in the world. Because of its 
unique geology, steep terrain, intense seasonal precipitation, 
and high seismicity, the region is highly vulnerable to floods 
(especially flash floods), landslides, droughts, and earthquakes 
—a tmly multi-hazard environment. 

11.1.1 Hazards and Disasters in the HKH 

Across the world, the number of extreme geophysical and 
hydrometeorological events appears to be increasing, resulting 


in a growing loss of lives and increasing damage to livelihood 
support systems. The HKH accounted for 21% (4,115 of 
18,956) of the major disaster events recorded between 1980 and 
2015 in the Em-DAT global database, and 36% of the major 
events in Asia. Floods and landslides are the most frequently 
occurring natural hazards, particularly during the monsoon 
season (Shrestha 2008a, b; Gaire et al. 2015); they accounted 
for nearly half of the events recorded in the countries of the 
HKH region (Fig. 11.1). 

The number of disaster events from climate, hydromete¬ 
orological and geophysical hazards recorded in the countries 
of the HKH region between 1980 and 2015 is shown in 
Fig. 11.2. A total of 739 disaster events were recorded in 
China, 438 in India, and 229 in Bangladesh. Floods are 
prominent across all countries, landslides in inland countries 
(Afghanistan, Nepal, and Pakistan), and storms in coastal 
countries (China, India, and Myanmar). Wildfires are also on 
the rise across the region. 

In a mortality ranking conducted by ADB (2013b), seven 
of the eight countries in the HKH were included in the 20 
Asian countries (out of 44) rated as mortality hotspots 
(Table 11.1). 

Floods and flash floods: Floods, both riverine and flash 
floods, are the most common hazards in the HKH (Shrestha 
et al. 2015) and account for 17% of people killed and 51% of 
the damage (Fig. 11.1). Unlike riverine floods, flash floods 
occur rapidly with a very short lead time for warning. They 
can arise following intense rainfall events, or as a result of 
breaching of natural dams formed by landslides or from 
glacial lakes formed behind end moraine dams (glacial lake 
outburst flood or GFOF) (Shrestha 2008a, b). In recent 
years, increasingly erratic and unpredictable monsoon rain¬ 
fall patterns and increased climate variability have led to 
severe and frequent flood disasters in the region. This has 
adversely impacted lives and livelihoods, agricultural pro¬ 
ductivity, and hydropower production, among others. For 
example, the 2010 floods in Pakistan killed more than 2,000 
people, with an estimated loss of USD 10 billion (FFC 
2010). In India, the 2013 flood in Uttarakhand killed more 
than 5,000 people (Awasthi et al. 2014; Guha-Sapir et al. 
2014; Champati Ray et al. 2016), and possibly as many as 
30,000 (Ziegler et al. 2014). Bangladesh is one of the 
countries in the region most vulnerable to floods, as it is 
situated on the delta of three major HKH river systems: the 
Ganges, Brahmaputra, and Meghna (Islam et al. 2010). In 
Pakistan, flooding is the most frequently occurring hazard; it 
affects thousands of people and causes millions of dollars of 
damage annually (Tariq and Giesen 2011). Table 11.2 
shows the large flood events reported in the HKH from 1980 
to 2015. Figure 11.3 shows the spatial extent and impact of 
flood disasters occurring between 2010 and 2014. 
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Fig. 11.1 Proportional impact of different types of disaster in HKH countries (whole country, including HKH area) between 1980 and 2015— 
number of events, persons killed, and economic loss (,Source EM-DAT: The Emergency Events Database—Universite catholique de Louvain 
(UCL)—CRED, D. Guha-Sapir— www.emdat.be, Brussels, Belgium) 
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Fig. 11.2 Disaster number (a) and people killed (b) by climate, 
hydrometeorological, and geophysical disaster events in HKH coun¬ 
tries (whole country, including HKH area) between 1980 and 2015 


(,Source EM-DAT: The Emergency Events Database—Universite 
catholique de Louvain (UCL)—CRED, D. Guha-Sapir— www.emdat. 
be, Brussels, Belgium) 


As of 2000, the HKH has witnessed more than 33 iden¬ 
tifiable GLOFs (Richardson and Reynolds 2000). Acceler¬ 
ated glacial thinning, degraded permafrost (Haeberli et al. 
2016), and additional retreat in response to rising global 
temperatures are expected to increase GLOF events in the 
future (Ives et al. 2010). The most recent recorded GLOFs 
occurred at Lemthang Tsho in western Bhutan in June 2015 
(Gurung et al. 2017) and in multiple locations in Chitral, 


Pakistan in July 2016. A GLOF upstream of Uttarakhand in 
2013 (Allen et al. 2015; Champati Ray et al. 2016) damaged 
high value infrastructure like hydropower dams (Schwang- 
hart et al. 2016) and impacted the lives of more than 100,000 
people. Ice avalanches into expanding lakes can also lead to 
GLOFs and cause large floods downstream (Haeberli et al. 
2016). The number of GLOFs in the HKH is increasing (see 
Box 11.1). 








11 Disaster Risk Reduction and Building Resilience ... 


395 


Table 11.1 High mortality risks 
from multiple hazards in the HKH 


Mortality 

ranking 

Ranked HKH 
countries 

Percent of population 
in areas at risk 

Estimated number of 
people at risk (millions) 

Percent of total 
area at risk 

1 

Bangladesh 

97.7 

139.6 

97.1 

2 

Nepal 

97.4 

25.9 

80.2 

5 

Bhutan 

60.8 

0.4 

31.2 

7 

Pakistan 

49.6 

87.84 

22.8 

8 

Afghanistan 

46.0 

12.2 

7.2 

11 

China 

33.4 

450.0 

10.6 

14 

India 

27.2 

337.8 

21.9 

16 

Myanmar 

16.8 

10.1 

4.5 


Source ADB (2013b) 


Table 11.2 Severe floods 
between 1980 and 2015 in the 
countries of the HKH region 


Country 

Year 

Month 

People killed 

People affected 

India 

2013 

June 

6,453 

3,419,473 

Pakistan 

2010 

July 

2,113 

20,363,496 

Bangladesh 

2007 

September 

1,230 

13,851,440 

India 

1998 

July 

2,131 

29,652,200 

Bangladesh 

1998 

September 

1,050 

15,000,050 

India 

1997 

September 

2,357 

30,259,020 

Nepal 

1993 

July 

1,048 

553,268 

Pakistan 

1992 

September 

1,446 

12,839,868 

Afghanistan 

1991 

May 

1,193 

139,400 


Source EM-DAT: The Emergency Events Database—Universite catholique de Louvain (UCL)—CRED, 
D. Guha-Sapir— www.emdat.be, Brussels, Belgium 



Fig. 11.3 Spatial extent and impact of flood disasters in the major river basins originating in HKH from 2010 to 2014 (Source EM-DAT: The 
Emergency Events Database—Universite catholique de Louvain (UCL)—CRED, D. Guha-Sapir— www.emdat.be, Brussels, Belgium) 
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Box 11.1 Upper Indus glacial lake outburst 
floods (GLOFs), 1826-2000 CE 

Glacial lake outburst floods (GLOFs) can cause con¬ 
siderable damage to life and property. Reviewing 
174 years of data from the Karakoram region, Hewitt 
and Liu (2010) noted that GLOF events have become 
more frequent in the upper Indus catchment (see 
Fig. 11.4). Comparison of tree-ring-based precipita¬ 
tion (Singh et al. 2006) and temperature records 
(Yadav and Singh 2002) in the high western Hima¬ 
laya, suggests that during period A (1826-1893) 
temperatures were low and precipitation was 
decreasing, during period B (1893-1934) temperatures 
were even lower and precipitation still decreasing, 
whereas during period C (1934-2000) temperatures 
were rising and precipitation increasing. The highest 
frequency of GLOFs occurred when temperatures 
were at their lowest, particularly in the first part of 
period B. The climatic controls on the glaciers and 
these floods are not clear, but there is no evidence of a 
recent increase of GLOFs that may be attributed to 
global warming. 
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Fig. 11.4 Increasing frequencies of GLOF events in the Upper 
Indus (Data source Hewitt and Liu 2010) 


Global flood projections based on the Multiple Coupled 
Model Intercomparison Project, Version 5-Global Climate 
Model (CMIP5-GCM) simulations coupled with global 
hydrology and land surface models show flood hazards 
increasing over approximately half of the globe, but with 
great variability at the catchment scale (Dankers et al. 2014). 
The projected increases in temperature and intense precipi¬ 
tation will induce regional-scale changes in flood frequency 


and intensity (IPCC 2012), resulting in changes in extreme 
weather patterns (Elalem and Pal 2015). The Arctic Oscil¬ 
lation and its interaction with the monsoon will also play a 
role in climate change in the HKH (Joseph et al. 2013); as 
the Arctic grows warmer, outbursts of cold and dry air are 
likely to increase, producing more frequent and intense 
rainfall and triggering increased flooding. Climate change 
and the accompanying increase in rainfall intensity and 
alteration of the hydrological cycle have reportedly 
increased the likelihood of landslides and flooding in HKH 
countries such as Bhutan and Nepal (Khanal et al. 2007). 

Landslides: The HKH is characterized by steep topography: 
more than 40% of the land area has a slope of 15° or more 
(Fig. 11.5). With fragile geological formations, a seismically 
active mountain system, and intense precipitation, the region 
is a global hot spot for landslides. Hydroclimatic and seismic 
sensitivity in the area increases the hazard level (Fig. 11.6). 
Anthropogenic influences like unsustainable development 
and excessive resource extraction—particularly deforesta¬ 
tion and road building—have adversely influenced slope 
stability and aggravated the possibility of landslide. 

Landslides are also common, with the HKH countries 
accounting for 52% of the landslide events and 61% of 
deaths recorded in Asia in the Em-DAT global database over 
the period 1980 to 2015. Global disaster databases tend to 
grossly underestimate landslide fatalities as these are nor¬ 
mally recorded under the primary trigger and not the hazard 
itself (Nadim et al. 2006). Nevertheless, landslides still 

100 



Fig. 11.5 Area characterization of the HKH (Source Developed for 
this chapter by Deo Raj Gurung, using 90 m Shuttle Radar Topo¬ 
graphic Mission (SRTM) DEM, available at http://srtm.csi.cgiar.org/) 
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Fig. 11.6 Landslide hazard 
a induced by precipitation, 
b induced by earthquakes 
0 Source Nadim et al. 2013) 



(b) l,onhquakc-induced Eaiids'idc hazard 



register as among the most catastrophic disasters in the HKH 
region (Upreti and Dhital 1996; Sarwar 2008; MoSWRR 
2009; SAARC 2010; Khan and Khan 2015; Lotay 2015) 
(Fig. 11.6). Projections give even more cause for concern: a 
simple analysis using global population density data and a 
digital elevation model to estimate the number of people in 
the HKH living on land with a slope of 10-50° shows 
approximately 5.2 million people at risk of exposure to 
landslides. 

Avalanches: Avalanches are one of the biggest hazards in 
mountainous terrain where geographic and meteorological 
conditions give rise to heavy precipitation and accumula¬ 
tions of snow and ice that can hurtle down into inhabited 
valleys. Avalanches are common in the mountainous areas 
of the HKH region in winter. Loss of life and property is 
observed annually in the higher snow-covered areas of 
Afghanistan, Bhutan, India, Nepal, and Pakistan (SDMC 
2008) (see Box 11.2). The 2015 Nepal earthquake triggered 
several avalanches which killed more than twenty people. In 
2014, the Hudhud cyclone initiated in the Bay of Bengal 


brought heavy precipitation to Nepal resulting in avalanches 
that killed more than 43 people (Wang et al. 2015). 

Box 11.2 Avalanches in Afghanistan 

Two million people in Afghanistan are exposed to 
avalanches, and between 2000 and 2015, more than 
153,000 people were alfected (World Bank 2017). 
Heavy snowfall in Panjshir Province in February 2015 
triggered 40 avalanches that killed at least 124 people, 
and in February 2017 avalanches near the Pakistan 
border killed at least 137 people. 


Earthquakes: The HKH is one of the world’s youngest 
mountain belts (GFDRR 2012) and is tectonically active. 
The major cause of earthquakes in the Himalaya is the 
subduction of the Indian plate underneath the Eurasian plate, 
which causes contraction and stress concentration. Seis¬ 
micity is considered high in this region based on the fre¬ 
quency and intensity of past earthquakes (Rai 2004). Plate 
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Table 11.3 List of recent large earthquakes in the HKH (1993-2015) 


Year 

Month 

Country 

Name 

Magnitude 

(Richter) a 

Death 3 

Affected 3 

(thousand) 

Economic loss 
(thousand USD) 3 

GDP (current 
million USD) b 

Loss/GDP 

(%) 

1993 

Sep. 

India 

1993 Latur 

6.4 

9,748 

30 

280,000 

278,359 

0.10 

1998 

May 

Afghanistan 

1998 

Afghanistan 

6.9 

4,700 

117 

10,000 

2,912 

0.34 

2005 

Oct. 

Pakistan 

2005 

Kashmir 

7.6 

73,338 

5,128 

5,200,000 

117,708 

4.42 

2008 

May 

China 

2008 

Sichuan 

7.9 

87,476 

45,976 

85,000,000 

4,604,285 

1.85 

2010 

Apr. 

China 

2010 Yushu 

6.9 

2,968 

112 

500,000 

6,066,351 

0.0082 

2015 

Apr. 

Nepal 

2015 Nepal 

7.8 

8,831 

5,639 

5,174,000 

20,801 

24.28 


a EM-DAT: The Emergency Events Database—Universite catholique de Louvain (UCL)—CRED, D. Guha-Sapir— www.emdat.be; b UN National 
Accounts Main Aggregates Database; https://unstats.un.org/unsd/snaama/selbasicFast.asp 


motion models and GPS measurements indicate that the 
India-Eurasia convergence continues today at a rate of about 
40-50 mm per year (de Mets et al. 1994), while the rate of 
contraction across the Himalaya is estimated to be only 
17.52 ± 2 mm per year (Bilham et al. 1997). The difference 
in these rates is absorbed by a combination of thrusting, 
crustal extension, and strike-slip motion within the Eurasian 
plate (Armijo et al. 1989; Avouac and Tapponnier 1993; 
Bhatia et al. 2000; Bilham et al. 2001). Table 11.3 lists large 
earthquakes with magnitude in excess of 6 Mw in the HKH 
from 1993 to 2015. Scenarios based on mathematical models 
and inferences based on field investigations indicate that the 
HKH is a high earthquake risk region (Wesnousky et al. 
2017; Bollinger et al. 2004). 

Drought: The arid and semi-arid regions of western and 
northwestern HKH (i.e., the Tibetan Plateau, Afghanistan, 
northern Pakistan, northwest India, and northwest Nepal) are 
located in drought-prone areas (Ahmad et al. 2004; Wang 
et al. 2013). The humid and semi-humid regions also face 
severe water shortages during the dry months of the year. 
Drought accounts for only 4% of all disasters reported 
globally in the Em-DAT database from 1980 to 2015, yet it 
accounts for 25% of all people affected by climate-related 
disasters (CRED and UNISDR 2016). 

Extreme temperatures: Climatological hazards, including 
extreme temperatures (heat wave, cold wave, and extreme 
winter conditions) interacting with exposed and vulnerable 
human and natural systems, can also lead to disasters (IPCC 
2012). Extreme heat is a prevalent public health concern 
throughout the temperate regions of the world. Extreme heat 
events have been experienced recently in the HKH (see 
Box 11.3), and it is likely that the length, frequency, and/or 
intensity of warm spells, including heat waves, will continue 


to increase. The factors that contribute to physiological and 
social vulnerability to heat-related illness and death are age, 
gender, body mass index, and pre-existing health conditions. 
A common public health approach, early warning systems, 
and hazard education can play a significant role in reducing 
exposure and mortality due to extreme temperatures. 

Box 11.3 Heat wave in southern Pakistan 

A severe heat wave with temperatures as high as 49 C 
(120 F) struck southern Pakistan in June 2015. It 
caused the deaths of about 2,000 people from dehy¬ 
dration and heatstroke, mostly in Sindh province and 
its capital city, Karachi. The event followed a separate 
heat wave in India in May 2015 that killed 2,500 
people, including 1,735 in the south Indian state of 
Andhra Pradesh and 585 people in neighbouring 
Telangana, the most affected areas. 


11.1.2 Disaster Trends in the HKH 

The Em-DAT database indicates an increasing trend in the 
HKH in the number of disaster events reported, number of 
people killed and affected, and economic losses (Fig. 11.7). 
Between 2000 and 2010, 749 events were reported in the 
HKH with 399,609 people killed and a huge economic loss. 
This represents a 143% increase from 1990 to 2000, in 
agreement with the report by ADB (2013b) of a rising fre¬ 
quency in natural disasters in Asia and the Pacific. 

There is an increasing trend in extreme rain events over 
India (Goswami et al. 2006). An increase in extreme floods 
is also evident from the historical records for the Alaknanda 
River in Uttarakhand, India (see Box 11.4). 
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Fig. 11.7 Decadal impact of 
disasters in the HKH (,Source 
EM-DAT: The Emergency 
Events Database—Universite 
catholique de Louvain (UCL)— 
CRED, D. Guha-Sapir— www. 
emdat.be, Brussels, Belgium) 
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Box 11.4 A history of extreme floods in the 
Alaknanda River, Uttarakhand, India 

Extreme floods occurred in 1894, 1970, and 2013. The 
most recent flood is fresh in local memory, while the 
older generation recalls the 1970 flood as one of the 
forces that kept the Chipko Andolan alive. No one 
recalls the 1894 deluge. The 2013 flood is thought by 
some to have been unique and a similar event unlikely 
to recur. But the history of extreme floods over the 
past 2000 years, reconstructed from historical 
accounts and sediments deposited from floodwaters 
near Srinagar, tells a different story. It is important to 
note that the oral accounts and sedimentary records are 
in accordance for the last two extreme floods, so there 
is confidence that the entire sedimentary record relates 
to extreme floods. (Wasson et al. 2013; Ziegler et al. 
2014). 

As can be seen in Fig. 11.8, from roughly 100 to 
1700 CE, the frequency of floods was relatively con¬ 
stant at approximately one every 200 years. But in the 
late 1700 s there was a cluster of five floods, with one 
every 10 years on average. The most recent three 
floods in the Alaknanda occurred on average once 
every 40 years. Most of the floods are likely to have 
resulted from the confluence of warm and moist 
monsoon air from the south with cold dry air from the 


Arctic. This confluence is likely to become more 
common as the Arctic warms, and thus flood events 
are also expected to increase. 

Large earthquakes are low-probability but high-impact 
(Fig. 11.9). However, despite the rare occurrence of earth¬ 
quakes, there has been a gradual temporal increase in the 
number of fatalities and level of damage from earthquakes, 
most of which can be attributed to an increasing concentration 
of economic development and urbanized habitation in the 
region. For example, loss of life was similar (~ 70,000) in the 
2005 Kashmir and 2008 Sichuan earthquakes, but the Sichuan 
disaster, which was closer to urban areas, resulted in an eco¬ 
nomic loss 16 times greater than in the Kashmir earthquake. 

11.1.3 Linking Primary and Secondary Hazards 
—The Mountain Perspective 

In the realm of hazard, the term ‘cascading’ is used to 
describe the interconnected nature of natural processes in 
which a primary event triggers a chain of subsequent (sec¬ 
ondary and tertiary) hazard event(s). The cascading nature of 
hazard, and therefore cascading nature of disaster, was 
appreciated by the global community after the 2011 Tohoku 
earthquake (Pescaroli and Alexander 2015), in which an 
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Fig. 11.8 History of extreme floods in the Alaknanda River, Uttarakhand, India (Data source Wasson et al. 2013) 


earthquake lead to a tsunami which in turn resulted in a 
nuclear crisis. Earthquakes can generate landslides that block 
rivers, causing lakes to form, which in turn can generate a 
landslide lake outburst flood (LLOF) when the dam fails 


abruptly as a result of overtopping or piping (Wasson and 
Newell 2015). Earthquakes can also create landslides and 
dislodge large sections of glaciers or ice walls, which can 
then cause a GLOF if they fall into a glacial lake. 
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Fig. 11.9 Impact of earthquakes on the number of people killed and total economic losses in the HKH (Source EM-DAT: The Emergency Events 
Database—Universite catholique de Louvain (UCL)—CRED, D. Guha-Sapir— www.emdat.be, Brussels, Belgium) 
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GLOFs can erode the toes of hill slopes downstream, 
adding sediment to the river and raising the riverbed, which 
in turn can lead to blockages in the river downstream and the 
formation of small lakes, which themselves can burst out 
leading to further toe slope erosion downstream. These types 
of cascading process have been seen during the 1970 flood 
in the Alaknanda river in Uttarakhand (Wasson and Newell 

2015) , the 2015 Gorkha earthquake in Nepal (Kargel et al. 

2016) , following glacial lake outburst floods in Nepal and 
Bhutan (Higaki and Sato 2012), and following flash floods 
(Gupta et al. 2016). 

Rainfall can also trigger landslides that dam rivers and lead 
to LLOFs (Gupta and Chalisgoankar 1999), the flows from 
which undercut the toes of the hill slopes downstream, adding 
to the landslide and debris flow material and increasing sed¬ 
imentation along the river bed, thereby raising it. One result is 
that settlements that were previously high above the riverbed 
and therefore safe from floods, become at greater risk from 
future floods. An example of this can be seen at Sonprayag 
downstream of the Kedamath hazard zone in Uttarakhand, 
where the riverbed is now about 30 m higher than before the 
2013 flood. It will be many decades before the riverbed is 
lowered by sediment evacuation and the flood hazard to local 
settlements is reduced (Sundriyal et al. 2015; Rautela 2013). 
Other examples of LLOFs include the Tsatichu landslide in 
Bhutan (Dunning et al. 2006; Shrestha and Chhophel 2010) 
and the Jure landslide in the SunKoshi basin, which formed a 
lake 3 km long that eventually breached. 

The context of cascading hazard and thus cascading 
disaster is particularly relevant in a mountainous setting like 
the HKH region, where primary and secondary hazards are 
closely interrelated. Primary hazards may be geophysical or 
hydrometerological (e.g., landslides), and trigger secondary 
hazards, such as landslide dams and subsequent outburst 
floods (Gill and Malamud 2016). For example, the 2015 
Nepal earthquake resulted in more than 4,000 landslides 
(Kargel et al. 2016). Table 11.4 shows some examples of 
primary and secondary hazards in the HKH region. 


The examples of cascading hazards indicate clearly that 
disaster risk reduction (DRR) plans and policies in the HKH 
region will be ineffective unless they take a holistic approach 
which clearly appreciates the interconnectedness of different 
hazard events. It is important to recognize that a cascading 
chain of events can unfold immediately, but may also take 
place after a substantial lapse of time. To address these issues, 
it is essential to have a multi-hazard early warning system. 


11.2 Vulnerability: Physical, Social, 

Economic, and Environmental 
Dimensions 

Disaster risks are a function of interplay among three key 
elements: hazards, exposure, and vulnerability (IPCC 2012). 
The term vulnerability is a state of susceptibility to harm and 
assumes different connotations depending on the context 
(Ciurean et al. 2013). A plurality of views and meanings of 
the term ‘vulnerability’ are explicit in the different ways the 
natural science and social systems frame the term and con¬ 
struct measurement frameworks. Similarly, climate change, 
environmental change, and disaster risk reduction all possess 
different visions of vulnerability. The ‘vulnerability’ per¬ 
spective in disasters is defined as “the characteristics of a 
person or group and their situation that influences their 
capacity to anticipate, cope with, resist, and recover from the 
impact of a natural hazard” (Donner and Rodriguez 2011). 
The life safety and livelihoods of mountain communities in 
the HKH region are constantly threatened by multiple geo¬ 
logical and hydrological hazards. Climate change, poor land 
use practices, and forest and land degradation are further 
exacerbating these risks, especially the risk of hydrological 
hazards (Shaw and Nibanupudi 2015). There is a clear 
indication that not only is the frequency of such hazards 
increasing with time, but also their intensity and impact on 
the lives and livelihood of people is increasing in severity. 
The frequency and intensity of disasters is pushing the 
resilience and recovery capacity of communities, 


Table 11.4 Primary and secondary hazards in the mountains of the HKH 


Type of hazard 

Occurrence 

Primary 

Secondary 

Earthquake 

Landslides 

2005 Kashmir earthquake in Pakistan and India 

2008 Wenchuan earthquake in China 

2015 Gorkha earthquake in Nepal 

Landslide 

Landslide dam and subsequent outburst 
flood 

2014 Nepal: Jure landslide that dammed the Sunkoshi river 

2010 Pakistan: Hunnza Attabad landslide 

2008 China: Landslide-dammed lake at Tangjiashan, Sichuan province 

Flood 

Erosion and deposition (aggradation and 
degradation), sand casting (deposition) 

2008 Koshi floods in Nepal and India 
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governments, and institutions to the limit. Climate change is 
now expected to exacerbate disasters and lead to greater 
destruction in the future in the HKH region, with potentially 
profound implications (see Chap. 3: Climate Change in the 
Hindu Kush Himalaya). 

This section focuses on vulnerability in the context of 
disaster risk management, which is framed as the potential 
for loss caused by natural hazards, and is a function of 
exposure, susceptibility, and coping capacity. Birkmann 
et al. (2013) describe three core thematic dimensions of 
vulnerability. 

Physical dimension: potential for damage to physical assets, 
including built-up areas, infrastructure, and open spaces. 
Social dimension: propensity for human wellbeing to suffer 
as a result of disruption to individuals (mental and physical 
health) and the collective social systems (health, education 
services), and the characteristics of these systems (e.g., 
gender, marginalization of social groups). 

Economic dimension: propensity for loss of economic value 
from damage to physical assets and/or disruption of pro¬ 
ductive capacity. 

According to UNISDR, vulnerability is “determined by 
physical, social, economic, and environmental factors or 
processes, which increase the susceptibility of a[n] [individ¬ 
ual] or community [assets or systems] to the impact[s] of 
hazards” (United Nations 2016). The World Bank and IPCC 
include governance as the fifth factor influencing vulnerabil¬ 
ity, and suggest it is particularly important in regions like 
South Asia, where governance is generally weak. The defi¬ 
nition implies that vulnerability is a condition that depends on 
multiple factors. Mountain systems are inherently challenged 
by what Jodha (1992) calls ‘mountain specificities’, which 
aggravate vulnerability to disaster and include, among others, 
constraining features such as accessibility, marginality, and 
fragility. The vulnerability of these countries to disasters is 
characterized by complex interactions between the natural and 
socioeconomic conditions (Elalem and Pal 2015). 

11.2.1 Physical Factors 

Physical vulnerability refers to the vulnerability that stems 
from the limitations posed by the physical characteristics of 
the exposed elements, for example, population density, 
remoteness, limited access to critical amenities, legal chal¬ 
lenges, proximity to hazard zones, and design and quality of 
infrastructure. Table 11.5 shows the percentage of area and 
population exposed to hazards in the HKH countries. The 
least vulnerable communities are those with lower levels of 
exposure that have good access to emergency response 
services and comparatively high-quality infrastructure. 


Table 11.5 Percentage of area and population exposed to hazards by 
HKH country 


Country 

Percent of 
total area 
exposed 

Percent of 
population 
exposed 

Maximum 
number of 
hazard types a 

Afghanistan 

11.1 

29.5 

3 

Bangladesh 

35.6 

32.9 

4 

Bhutan 

20.1 

29.2 

4 

China 

8.4 

15.7 

3 

India 

10.5 

10.9 

4 

Myanmar 

10.7 

10.4 

4 

Nepal 

60.5 

51.6 

3 

Pakistan 

5.6 

18.2 

2 


a Cyclones, drought, earthquakes, floods, landslides (,Source World 
Bank 2005) 


Table 11.6 Quality of infrastructure services in the HKH countries 
(World Economic Forum 2014) 


Country 

Overall 

infrastructure 

Roads 

Air 

transport 

Electricity 

supply 

World 

4.23 

4.02 

4.36 

4.50 

Bangladesh 

2.82 

2.88 

3.02 

2.55 

Bhutan 

4.63 

4.31 

3.51 

5.85 

China 

4.36 

4.61 

4.72 

5.22 

India 

3.75 

3.79 

4.27 

3.43 

Nepal 

2.93 

2.90 

2.92 

1.83 

Pakistan 

3.32 

3.81 

3.92 

2.07 


Note Scores on a scale of 1 (low) to 7 (high) 


The overall quality of infrastructure in Bangladesh, India, 
Nepal, and Pakistan is lower or much lower than the global 
average, whereas in Bhutan and China it is slightly better 
(Table 11.6; World Economic Forum 2014). This is true for 
roads, air transport, and electricity services. The variation in 
quality of infrastructure among the HKH countries is partly 
due to inadequate levels of investment (World Bank 2013). 
In 1973-2009, Bangladesh, India, and Pakistan spent only 
six percent of their Gross Domestic Product (GDP) on 
average on infrastructure, and Nepal only five percent. The 
World Bank suggested that all these countries will need to 
invest a higher share of GDP in infrastructure in 2011-2020. 

11.2.2 Social Factors 

Social vulnerability refers to the human vulnerability 
resulting from the characteristics inherent in social interac¬ 
tions, institutions, and systems of cultural values which 
determine the capacity of groups and individuals to deal with 
disasters and hazards, and is based on the position and sit¬ 
uation of people within the physical and social worlds (Dow 
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1992). Over the years, the term ‘social vulnerability’ has 
taken on a broader and increasingly interdisciplinary 
meaning to incorporate the idea that vulnerability is not just 
an inherent characteristic of certain groups, but rather it is 
produced, underlied, and driven by a wide variety of con¬ 
ditions. Therefore, vulnerability is not just defined with 
respect to exposure to hazards, but also by numerous 
socioeconomic factors. Some common factors determining 
social vulnerability include social and economic inequality, 
marginalization, social exclusion, lack of preparedness and 
adaptive capacity, and discrimination by gender, social sta¬ 
tus, disability, and age (Bergstrand et al. 2015). Affluent 
communities with equity in all spheres of social practice are 
generally less vulnerable than poor communities where 
inequality is prevalent. Efforts to reduce vulnerability must 
not, therefore, be confined to reducing hazard exposure only, 
but should also include the social systems within which 
vulnerability is produced (Blaikie et al. 1994). 

The UN’s Human Development Index (HDI) is one of the 
most widely-used indicators for measuring quality of life, and 
provides an interesting starting point for evaluating the HKH 
countries (Table 11.7). Generally, the HKH countries (except 
China) have lower HDI values than the world average, which 
indicates that these populations have higher than average 
social vulnerability. Education and gender inequality are 
particularly pronounced in the HKH countries, whereas 
income inequality is high, except in China and Bangladesh. 

Focusing on local and indigenous knowledge is also 
important for mountain communities, which usually have a 
rich experience and knowledge linked to their lifestyles and 


livelihoods. Indigenous knowledge forms the basis of com¬ 
munity coping practices, builds up resilience to disasters, 
and plays an important role in disaster risk reduction. Both in 
saving lives during a disaster, and helping others recover 
post disaster, rules built on the basis of indigenous knowl¬ 
edge can help a community to cope more easily (Shaw and 
Nibanupudi 2015). Combining indigenous and local 
knowledge with external expertise is vital for resilience. 

11.2.3 Economic Factors 

The premise that disaster affects rich and poor people differ¬ 
ently is based on the idea that economically stronger com¬ 
munities have options to invest in resilient infrastructure, and 
are economically empowered to invest in better access to 
emergency services. Thus the level of vulnerability is highly 
dependent upon the economic status of an individual, the 
community, and the nation. While disasters cause more eco¬ 
nomic damage and greater loss to infrastructure in developed 
nations, they generally take a larger number of human lives in 
developing countries (Pusch 2004). Economic vulnerability is 
particularly important in building resilience to disaster and 
reducing exposure to hazards, and is thus especially important 
in the HKH, where five of the eight countries (Afghanistan, 
Bangladesh, Bhutan, Myanmar, and Nepal) are classified as 
Least Developed Countries (United Nations 2017). 

Table 11.8 shows the values for the Multidimensional 
Poverty Index (MPI) in the HKH countries in 2015. 
The MPI is measure of acute poverty covering more than 


Table 11.7 Human development index and inequalities (UNDP 2016) 


Human Development Index and Inequalities 


Country 

Human 
Development 
Index (HDI) 

Inequality in 
education 

Inequality in 
income 

Income inequality 

Gender 

Development 

Index 

Gender 

Inequality 

Index 


Value 

(%) 

(%) 

Quintile 

ratio 

Plama 

ratio 

Gini 

coefficient 

Value 

Value 

Rank 


2014 

2014 

2014 

2005-2013 

2005-2013 

2005-2013 

20144 

2014 

2014 

China 

0.727 


29.5 

10.1 

2.1 

37 

0.943 

0.191 

40 

India 

0.609 

42.1 

16.1 

5 

1.4 

33.6 

0.795 

0.563 

130 

Bhutan 

0.605 

44.8 

19.6 

6.8 

1.8 

38.7 

0.897 

0.457 

97 

Bangladesh 

0.57 

38.6 

28.3 

4.7 

1.3 

32.1 

0.917 

0.503 

111 

Nepal 

0.548 

41.4 

15.1 

5 

1.3 

32.8 

0.908 

0.489 

108 

Pakistan 

0.538 

44.4 

11.6 

4.1 

1.1 

29.6 

0.726 

0.536 

121 

Myanmar 

0.536 

19.4 






0.413 

85 

Afghanistan 

0.465 

44.8 

10.8 

4 

1 

27.8 

0.6 

0.693 

152 

Developing 

countries 

0.66 

32.3 

24.5 

- 

- 

- 

0.899 

0.478 

- 

World 

0.711 

26.8 

24 

- 

- 

- 

0.924 

0.449 

- 


Source UNDP Human Development Index http://hdr.undp.org/en/content/human-development-index-hdi 
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Table 11.8 Value of the Multidimensional Poverty Index in the HKH 
countries, 2015 (UNDP 2016; Alkire and Robles 2017) 


Country 

MPI 

Afghanistan 

0.295 

Bangladesh 

0.196 

Bhutan 

0.119 

China 

0.017 

India 

0.191 

Myanmar 

0.134 

Nepal 

0.126 

Pakistan 

0.230 


100 developing countries. It assesses poverty at the indi¬ 
vidual level and complements traditional income-based 
poverty measures by capturing the severe deprivations that 
each person faces with respect to education, health and liv¬ 
ing standards (Alkire and Robles 2017). With the exception 
of China, the HKH countries rank high in MPI, which 
suggests high economic vulnerability. 

11.2.4 Environmental Factors 

The environmental conditions also play a role in determining 
a community’s vulnerability to disaster. Badly managed 
environments create unsafe situations and thereby increase 
vulnerability to disaster. Some of the determinants of envi¬ 
ronmental vulnerability are poor environmental management, 
overconsumption of natural resources, degraded ecosystems, 
decline in risk-regulating ecosystem services, and climate 
change (ISDR and UNEP 2007). Depletion of natural 
resources (for example, wetlands) exposes people and 
infrastructure to natural hazards like floods and storm surges. 

The HKH is both a climate change hotspot and a densely 
populated region, a factor contributing to the depletion and 
degradation of natural resources, and a pathway to increased 
vulnerability. 

11.2.5 Gender Dimensions 

Disasters and climate extremes have differential effects on 
women, men, and third gender people in all social categories. 
The pre-existing social structures and norms create greater 
stress on women and marginalized groups further exacerbat¬ 
ing their vulnerability. Records of natural disasters in the 
Himalayan region over the last few decades show that women 
are at greater risk of dying than men (Mehta 2007). More 
women than men die when disasters strike as a result of 
women’s lack of access to information, mobility, and 
decision-making power and inequitable access to resources 


and training; as well as gender-based sociocultural norms and 
barriers, conventional gender responsibilities, and high rates 
of male outmigration (Mehta 2007; Ariabandhu 2009; 
Nellemann et al. 2011). In mountain communities, women 
play a crucial role in protecting, nurturing and sustaining 
natural resources. At the same time, they are often disad¬ 
vantaged in terms of benefit sharing, accessing productive 
resources, and participation in organizational structures and 
decision making, and are exposed to increased risks associ¬ 
ated with climate change during disasters and loss of income 
from climate shocks (Nibanupudi and Khadka 2015). For 
example, during the 1991 cyclone in Bangladesh, the mor¬ 
tality rate for women was three times higher than for men 
(UNEP 1997; Twigg 2009). Gender inequities can be evident 
in a lack of, or inadequate, early warning information and 
evacuation procedures and arrangements targeting women. 
Knowledge of early warnings and the decision to evacuate 
may be the exclusive domain of men. In some cases, women 
may be ill-informed about natural hazards and not allowed to 
make the decision to evacuate (Stark et al. 2013). A UNEP 
report (UNEP 1997) concluded that the early warning signals 
had not reached many women downstream. 

Vulnerability is particularly high when poverty intersects 
with discrimination, whether because of gender, caste, ethnic¬ 
ity, or other reasons. This is especially true for women and low 
caste people (Adger and Kelly 1999; Brooks and Adger 2005; 
Aguilar et al. 2015). During the 2015 Nepal earthquake, more 
women than men died in all the affected districts except 
Kathmandu (Rasul et al. 2015). Fewer opportunities exist for 
education, political involvement, and access to information, 
markets, and a myriad of other resources (Ariyabandu and 
Wickramasinghe 2003). Considering vulnerability factors such 
as social roles and access to resources and information, women 
are more vulnerable to climate change and disasters than men. 
Women also know less than men about their communities’ 
disaster prevention and mitigation projects. Furthermore, nat¬ 
ural disasters and climate change often exacerbate existing 
inequalities and discrimination in such a way that women and 
girls become more vulnerable and are at higher risk of 
gender-based violence, sexual harassment, exploitation, abuse, 
trafficking, and rape during displacement caused by major 
disasters such as flood, drought, or earthquake. 

Men and women possess valuable, but different, knowl¬ 
edge, skills, experience, and coping capacities. However, the 
strengths and capabilities of women are often ignored in 
policy decisions and in formal arrangements related to mit¬ 
igation and recovery. Policy makers and planners generally 
give little attention to the social barriers and constraints that 
hinder women’s participation in capacity building and their 
access to information that could help achieve better pre¬ 
paredness. Gender differences are manifested in the dispro¬ 
portionately poorer health and nutritional status, lower levels 
of access to formal literacy and education, higher levels of 
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economic poverty, higher morbidity/mortality rates, and 
high workloads of women compared to men, as well as 
extremely low rates of property ownership, decision making, 
and representation in governance institutions (Leduc 2011). 
Adopting a gender-sensitive early warning system approach 
with appropriate policies in place will help in reducing the 
disaster mortality of women and contribute to reducing the 
adverse impact of flood disasters (Shrestha et al. 2014). To 
have disaster-resilient communities, the participation of both 
men and women at various levels is essential. Inequalities 
that exist in society are often strengthened during disaster, 
and this must be kept in mind when collecting data and 
analysing and formulating disaster resilience plans and 
activities (Shaw and Nibanupudi 2015). A gender-sensitive 
approach that not only recognises the vulnerabilities of 
women, but also works towards enhancing their resilience 
and strengthening their ability through awareness raising and 
capacity building initiatives, is needed to respond effectively 
to disasters. 


11.3 Risk Assessment 

Risk is the likelihood of harmful consequences of natural 
hazards arising from the interaction among hazards, vul¬ 
nerable elements, and the environment. As discussed earlier, 
disaster risk depends on the probability that different kinds 
and intensities of hazards will occur, whether the elements 
are exposed to these hazards, and the level of vulnerability of 
the elements exposed to the hazards (World Bank 2005). 
Risk information forms the cornerstone of any risk reduction 
agenda; thus, awareness of existing and anticipated risk is 
essential to guide disaster risk reduction interventions, 
strategies, and policies. The cost effectiveness of protection 
measures can be evaluated based on the calculated risk. Risk 
assessment involves the identification, quantification, and 
characterization of threats to human health and the envi¬ 
ronment. But risk analysis is as much a political enterprise as 
a scientific one, and public perception of risk also plays a 
role in risk analysis, bringing the issues of values, process, 
power, and trust into the overall picture (Slovic 1999). 

11.3.1 Understanding Risk 

Risk assessment to understand the risk situation is the first 
step to augment risk-informed decision making and devel¬ 
opment. While many excellent risk assessments exist, there 
are relatively few risk assessments in practice. Because the 
HKH is characterized by natural hazard hotspots and with 
the exception of China, a low HDI, it is considered a high 
disaster risk region. According to the indicators for hydro 
meteorological hazards and disaster risk developed in the 


Asian Water Development Outlook (AWDO) 2013, India in 
the HKH country is most prone to hydro meteorological 
hazards, followed by China, Bangladesh, Pakistan, and 
Nepal—no indicators available for Afghanistan, Bhutan, and 
Myanmar (ADB 2013a). The AWDO report considers vul¬ 
nerability as a function of exposure, basic vulnerability, soft 
coping capacity, and hard coping capacity. Bangladesh faces 
the highest level of exposure to hazards, followed by Pak¬ 
istan, Nepal, India, and China. Basic vulnerability, measured 
by proxies such as poverty levels, among others, is also high 
in Bangladesh, Pakistan, and Nepal compared to China and 
India. Soft coping capacity, measured by proxies such as 
literacy rate, among others, is lowest in Nepal and highest in 
China, with Bangladesh, Pakistan, and India falling in 
between. Finally, hard coping capacity, measured by proxies 
such as infrastructure facilities, is lowest in Nepal, with other 
countries having similar indicators. 

Many global risk assessment exercises mark the HKH 
countries as highly vulnerable (Garschagen et al. 2016) 
(Table 11.9). The World Risk Index ranks 171 countries 
according to their risk of becoming a victim of a disaster as a 
result of five natural hazards (earthquakes, cyclones, floods, 
droughts, and sea-level rise). It uses 28 individual indicators, 
related to exposure and 23 related to elements representing 
vulnerability (susceptibility, lack of coping capacity, lack of 
adaptive capacity). The World Risk Index is calculated by 
multiplying exposure and vulnerability. The higher the risk 
index value, the greater the risk, and vice versa. Details of 
the risk calculation approach and indicators used can be 
found at www.WorldRiskReport.org. 

The HKH region already faces a high natural hazard risk, 
but the impacts of climate change will further aggravate the 
situation, as a result of the loss and fragmentation of habitats, 
a reduction in forest biodiversity, the degradation of wetland 
and riverine island ecosystems, a decline in forage and 
fodder resources, a reduction in agrobiodiversity, an increase 
in forest fires, soil fertility degradation, changes in land use 
patterns, and an increased variability in agricultural pro¬ 
ductivity (Tse-ring et al. 2010). As in other mountain 
regions, the Hindu Kush Himalaya have experienced 
above-average warming (see Chap. 4: Exploring Futures of 
the Hindu Kush Himalaya Scenarios and Pathways; 
Nogues-Bravo et al. 2007), which has adversely impacted 
freshwater, primarily snow, glacier, and permafrost (Yao 
et al. 2012). Climate change impact modelling projects a 
scenario of dwindling water availability (Immerzeel et al. 
2010) that could undermine the socioeconomic fabric of the 
downstream societies. 

The HKH has experienced rapid environmental changes 
and it is widely believed that the region will be one of the 
planet’s hot spots for future climate change impacts 
(Maplecroft 2011). Mountain communities and their liveli¬ 
hoods are sensitive to such changes, which will have a 
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Table 11.9 Risk index in the HKH countries (2016) (Garschagen et al. 2016) 


Country 

World Risk Index 

(%) 

Exposure 

(%) 

Vulnerability 

(%) 

Susceptibility 

(%) 

Lack of coping capacity 
(%) 

Lack of adaptive capacity 
(%) 

Rank 

Afghanistan 

9.50 

13.17 

72.12 

56.05 

92.85 

67.48 

41 

Bangladesh 

19.17 

31.70 

60.48 

38.23 

86.36 

56.85 

5 

Bhutan 

7.51 

14.81 

50.70 

29.43 

73.77 

48.90 

60 

China 

6.39 

14.43 

44.29 

22.81 

69.86 

40.18 

85 

India 

6.64 

11.94 

55.60 

35.79 

80.22 

50.78 

77 

Myanmar 

8.90 

14.87 

59.86 

35.63 

87.00 

56.93 

42 

Nepal 

5.12 

9.16 

55.91 

38.05 

81.05 

48.64 

108 

Pakistan 

6.96 

11.36 

61.26 

35.04 

86.26 

62.48 

72 


variety of impacts on human wellbeing. Primary sector 
livelihoods such as agricultural livelihoods have become 
increasingly uncertain and risky and, because of inadequate 
resources, poor households have especially limited adapta¬ 
tion options and are simply coping (Gentle and Maraseni 
2012). Mountain areas are challenging living spaces, and 
mountain communities have a long history of adapting to 
extreme conditions. Nevertheless, traditional adaptation 
mechanisms are often insufficient to cope with recent 
socioeconomic and environmental changes (Jodha 1997), 
which have considerably increased the challenges for 
mountain people in securing their livelihoods (O’Brien and 
Leichenko 2000). 

In developing countries, economic development in 
mountain regions already lags behind that in the lowlands, 
foothills, and urban areas (Tanner 2003). Climate change is 
expected to exacerbate the existing challenges faced by 
mountain people and their environments, intensify some 
existing hazards, and result in the emergence of new hazards 
(O’Brien and Leichenko 2000; Sonesson and Messerli 2002; 
Macchi et al. 2011). These processes will intensify the 
exposure component of vulnerability. The sensitivity com¬ 
ponent will include environmental aspects embedded in the 
biophysical features of a region and social elements that are 
closely linked to the nature and range of available livelihood 
options (Jodha 1997), as well as access to resources (Adger 
and Kelly 1999; Brooks and Adger 2005; Aguilar et al. 2015). 

11.3.2 Risk Informed Decision Making 

Risk assessment remains few in practice, which poses a 
challenge to risk-informed decision making. The Govern¬ 
ment of Nepal as a party to the United Nations Framework 
Convention on Climate Change (UNFCCC), has initiated a 
National Adaptation Plan (NAP) formulation plan, which is 
an excellent example of moving towards risk-informed 
decision making (MOPE 2017). The NAP has adopted a 
vulnerability and risk assessment (VRA) framework based 


on the Fifth Assessment Report (AR5) of the Intergovern¬ 
mental Panel on Climate Change (IPCC). 

Other challenges in translating risk knowledge to practice 
are inadequate granularity of information and what has been 
termed ‘spatial scale challenges’ by Carr et al. (2015). The 
Consultative Workshop on Landslide Inventory, Risk 
Assessment, and Mitigation in Nepal (Gurung et al. 2017) 
identified spatial scale challenges and inconsistency in 
methodology as two of the main setbacks to implementing 
risk assessment results. Strategic decision making at the 
national and sub-national levels has different information 
needs compared to local level decision making, which is 
more operational in nature. There is an obvious gap in 
national and sub-national risk assessment, as many assess¬ 
ments are done at a micro scale for specific sites/areas. The 
novel methodology developed and tested in northeast Brazil 
to reveal regional vulnerability using global level informa¬ 
tion, using a “combination of both clustering and qualitative 
dynamics” (Sietz 2014; Sietz et al. 2017), should be adopted. 
These assessments enable cross-scale comparison of risks 
and vulnerability and are well-suited to inform decision 
making at multiple scales. 

Another challenge in the HKH is that assessment is 
skewed more towards hazards than vulnerability and risk. 
Risk assessment as a process is still far from being main¬ 
streamed into government systems, and is mostly done 
through project support. This has resulted in risk assessment 
being conducted in pockets and based on different methods 
favoured by different project proponents. 

There is a need to develop and promote systematic 
assessment methods and uniform risk assessment protocols 
(Gaire et al. 2015; ICIMOD 2016; SDMC 2011). 
The SAARC Comprehensive Disaster Management Frame¬ 
work approved by the Fourteenth SAARC Summit in New 
Delhi held 3-4 April 2007 identified “developing standards 
and methodology for hazard and vulnerability assess¬ 
ment...” as one of the pathways necessary to develop and 
implement risk reduction strategies (retrieved from http:// 
saarc-sdmc.nic.in/framework.asp). 
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11.4 A Framework for Policies to Reduce 
Risk and Enhance Resilience 

In this section we propose a disaster risk reduction frame- 
work to reduce risk and enhance resilience in the HKH, and 
address the key issues for mountain and downstream com¬ 
munities. The framework we propose is based on the prin¬ 
ciples of the 1994 Yokohama Strategy and Plan of Action, 
the 2005 Hyogo Framework of Action, UNDP’s 2007 
Human Development Report (UNDP 2007), and the Sendai 
Framework for Disaster Risk Reduction 2015-2030. 

The focus in this section is on building resilience to 
disasters, including those that are climate-induced, and not 
on climate change adaptation (which is discussed in 
Chap. 13: Adaptation to Climate Change). The concepts, 
goals, and processes of climate change adaptation, however, 
have much in common with disaster risk management 
(Lavell et al. 2012; Schipper 2009), especially on matters 
related to managing climate-induced disasters. It may even 
be possible to conceptualize climate change adaptation 
starting from disaster risk management, with a clear under¬ 
standing of the differences between the two (Vaidya et al. 
2014). But here we have limited our scope to building 
resilience to disasters. 

11.4.1 A Framework for Reducing Risk 

and Increasing Resilience to Disasters 

Our disaster risk reduction framework for the HKH has four 
principal elements: Information, Infrastructure, Institutions, 
and Insurance. 

Information : Since the HKH is a hotspot for both 
hydrometeorological and geophysical hazards, developing a 
strong knowledge base on extreme weather events and 
seismic activities in the region is vital to understanding how 
to increase resilience. In addition, hazard maps for com¬ 
munities and real-time information systems can substantially 
reduce vulnerability to potential hazards through early 
warning systems and prudent land use planning, especially 
in situations where financial protection measures, such as 
insurance, are not in place. The value a society places on 
such information may depend on their perception of risk— 
and their perception may, in turn, depend on the information 
they have available to sense the likelihood of the hazards. 

Often, the government shows a willingness to invest in 
information systems soon after a hazard event occurs. For 
example, after a massive earthquake devastated two of its 
districts in 1993, Maharashtra became the first state in India 
to implement a comprehensive plan, complete with a 
state-of-the-art satellite-linked computer network connecting 


various civic bodies, collectorates, and blocks in the state 
(Vatsa 2002). It would be much better, however, if such 
initiatives could be proactive rather than reactive. 

Data and information are a prerequisite for informed 
decision making for disaster risk reduction. Every forecast 
has some uncertainty and it is important that this is com¬ 
municated and explained to the decision makers. A broad 
range of environmental and social data and information may 
be shared to promote transboundary cooperation for better 
river basin planning and management and to address climate 
change (Chenoweth and Feitelson 2001; Grossman 2006; 
Gerlak et al. 2010). Sharing data and information builds trust 
and confidence amongst countries and provides a common 
understanding of the issues, which may result in agreement, 
joint implementation, and improved transboundary cooper¬ 
ation (Shrestha et al. 2015; Blumstein et al. 2016). In the 
HKH, there has been some progress with the HYCOS sys¬ 
tem under the World Meteorological Organization’s WHY- 
COS framework in which countries share real-time 
hydrometeorological data for flood risk reduction (Shrestha 
et al. 2015) and work towards an end-to-end early warning 
system. Working in partnership with several regional and 
international partners, ICIMOD offers a regional platform for 
utilizing the latest advances in space technology and GIS 
(geographic information systems) applications to address 
disaster challenges and to support risk identification and 
early warning systems. 

It is important to note that after disasters occur, funds for 
recovery do become available from various sources, both 
internal and external. But the same quantum of money could 
be more efficiently and effectively used by mainstreaming it, 
in part, to development activities that help communities with 
hazard maps, real-time information systems, and communi¬ 
cation channels that reach the last mile before a disaster 
happens—so that they can be better prepared and thus save 
lives and livelihoods. The Asia regional plan for imple¬ 
mentation of the Sendai framework for disaster risk reduc¬ 
tion 2015-2030 includes a two-year action plan for 2017 to 
2018 which seeks to strengthen existing regional mecha¬ 
nisms to reduce risk and enhance early warning and pre¬ 
paredness for transboundary disasters. The Sendai 
Framework may also help to attract funds for generating 
information on risk. This is a significant change in priority 
from the 2005 Hyogo Framework, where risk assessment 
was identified as the second priority (see Box 11.5). 

Infrastructure : Investments may also be necessary to create 
hazard-resilient critical infrastructure such as hospitals for 
healthcare services and school buildings for use as com¬ 
munity shelters after hazardous events. Similar investments 
in road networks for access to settlements, and communi¬ 
cations systems for information flow may also be necessary 
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to ensure connectivity immediately after disasters. Further¬ 
more, critical infrastructure such as water supply systems 
and electric power plants should be made climate-resilient, 
and standards for rebuilding structures after earthquakes 
should be improved. 

It is important to note that there was an implicit shift 
towards a balance between structural and non-structural 
measures after the announcement of the Hyogo Framework. 
But the emphasis on the importance of balanced investments 
in structural measures has reappeared with the promotion of 
‘Build Back Better’ as Priority 4 of the Sendai Framework, 
and for investment in disaster-resilient critical facilities as 
Priority 3 on disaster risk reduction. The same priority also 
highlights investments in ecosystem-based natural resource 
management approaches. 

Institutions’. Resources need to be invested in capacity 
building through training programmes for formal and 
informal institutions as well as pre-positioning of stockpiles 
at the local level. Appropriate policies and mechanisms also 
need to be developed for supportive interfaces between these 
institutions at both the national and local levels. Institutional 
arrangements supported by communications technologies 
and clear message contents must be developed for 
end-to-end communications up to the last mile. For example, 
the ability to send alerts for flood hazards or deliver relief 
measures after earthquakes is crucial. 

The Hyogo Framework’s first priority was the establish¬ 
ment of institutions for disaster risk reduction: “Ensure that 
disaster risk reduction is a national and a local priority with a 
strong institutional basis for implementation.” In view of the 
weaknesses of the institutional basis for converting national 
policy into local action (Oxley 2013), the Sendai Frame¬ 
work, in its Priority 2 on strengthening disaster risk gover¬ 
nance, has emphasized the need “to carry out an assessment 
of the technical, financial, and administrative disaster risk 
management capacity to deal with the identified risks—at the 
local and national levels.” 

In addition, the Sendai Framework also explicitly men¬ 
tions the need to develop institutions “to promote trans¬ 
boundary cooperation to enable policy and planning for the 
implementation of ecosystem-based approaches,” which has 
high relevance in the HKH. Transboundary cooperation can 
be enhanced at the national and local levels between two or 
more countries. The Sendai Framework clearly highlights, in 
Priority 3, the need to promote mechanisms for disaster risk 
transfer, risk sharing, and retention, and financial protection 
to reduce the financial impact of disasters. In the Hyogo 
Framework, Priority 4 discusses the need to develop finan¬ 
cial risk-sharing mechanisms (see Box 11.5). 


Box 11.5 Priorities of the global agenda: the 
Hyogo and the Sendai frameworks 


Priorities 
of the 

Global 

Agenda 

Hyogo Framework of 
Action 2005-2015: 
Building the Resilience of 
Nations and 

Communities to Disasters 

Sendai Framework for 
Disaster Risk 

Reduction 2015-2030 

Priority 1 

Ensure that disaster risk 
reduction is a national 
and a local priority with a 
strong institutional basis 
for implementation. 

Understanding disaster 
risk 

Priority 2 

Identify, assess, and 
monitor disaster risks and 
enhance early warning. 

Strengthening disaster 
risk governance to 
manage disaster risk 

Priority 3 

Use knowledge, 
innovation, and education 
to build a culture of 
safety and resilience at all 
levels. 

Investing in disaster 
risk reduction for 
resilience 

Priority 4 

Reduce underlying risk 
factors 

Enhancing disaster 
preparedness for 
effective response and 
to “Build Back Better” 
in recovery, 
rehabilitation, and 
reconstruction 

Source: United Nations (2015); UNISDR (2005) 


Insurance : Mechanisms need to be developed before a 
disaster strikes for raising precautionary funds or for sharing 
risks in order to provide relief, rehabilitation, and recon¬ 
struction efforts. The question is how much residual risk a 
government can manage itself—and how much residual risk 
it would need to share or transfer. Governments would need 
to maintain a pool of reserve funds to address small disas¬ 
ters, and would also need to subsidize insurance premiums, 
where necessary, for promoting private insurance products, 
such as index-based weather insurance for drought. Fur¬ 
thermore, beyond a certain level of risk, a government may 
have to share the indemnities with a private insurer, or the 
insurer may need to find a reinsurance company for 
risk-pooling through international markets. Further on, when 
a risk involves a major catastrophe, a government may have 
to transfer risk to capital markets through financial 
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instruments such as catastrophe bonds. In such bonds, the 
issuer is liable to pay interest and principal if the event does 
not occur during the maturity period, and is not liable to pay 
back the principal if the event does occur. 

It is also critical that special measures and mechanisms of 
insurance be designed for women, the poor, and marginal¬ 
ized groups. Until such mechanisms are developed, informal 
institutions like social networks and social capital, where 
extended families and communities help each other, may be 
the only forms of insurance available to communities within 
a reasonable amount of time after an event occurs. Fur¬ 
thermore, even after developing reasonable private insurance 
products, people may need to be ‘nudged’ to buy them 
because of the time inconsistency problem. For example, for 
drought protection, a farmer would need to decide now to 
purchase insurance and pay the premiums, but the payout, if 
any, would take place in the future, which tends to dis¬ 
courage farmers from enrolling in insurance programmes 
(Banerjee and Duflo 2011). 

11.4.2 Relating the Disaster Risk Reduction 
Elements to Programme Components 

In practice, decision makers and governments will ultimately 
determine if and how the separate elements of disaster risk 
reduction (information, infrastructure, institutions, and insur¬ 
ance) will be applied to help increase the strength and 
modalities of resilience to hazards. And that motivation, in 
turn, depends upon perceptions of risk—by individuals, by 
communities, by experts, and by society at large (Slovic 1987). 

To account for these motivations and perceptions, 
resilience-building programmes should consider four strate¬ 
gies for changing human behaviour: (1) restrictions on 
choice through command-and-control mechanisms (e.g., 
zoning regulations, land use guidelines, and building codes); 
(2) monetary incentives (e.g., subsidies on insurance 
premiums); (3) persuasion by providing information (e.g., 
risk maps); and (4) ‘nudging’ (e.g., early warning systems). 
Often, a combination of these methods may be appropriate, 
and they will, of course, depend on the type of hazard event 
under consideration for resilience building. Table 11.10 
provides some examples of these strategies. 

11.4.3 Resilience Building Programmes: Four 
Examples 

When we consider increasing resilience to disasters by 
reducing the vulnerability of communities through pursuing 
various measures, we should ask three questions, in this 
order: 


• Whose resilience would we like to enhance? Individuals? 
Communities? Cities? Or larger units? 

• What can be done to increase resilience pursuing one or 
more of the four disaster risk reduction elements: infor¬ 
mation, infrastructure, institutions, and insurance? 

• How can individuals, communities, or city governments 
be motivated to adopt the measures that fall into one of 
these four disaster risk reduction elements? 

Below we look at four examples of how these questions 
are answered using the 4x4 matrix in Table 11.10 of the 
four disaster risk reduction elements (information, infras¬ 
tructure, institutions, and insurance) and four behavioural 
strategies (command-and-control, economic incentives, 
persuasion through information, and nudging). 

1 . Index-based weather insurance 

Index-based weather insurance can improve drought resi¬ 
lience. Actions on five major fronts have been identified for 
such insurance: 

a. invest in hydromet networks; 

b. engage civil society organizations (CSOs) as social 
mobilizers to raise awareness; 

c. invest in science to understand better the correlation of 
the index with actual crop yields; 

d. invest in risk assessment; and 

e. develop reinsurance markets. 

In this case, the answer to the first two questions involves 
talking about increasing the resilience of the farmers using 
the insurance approach. On the third question, engaging 
CSOs as social mobilizers to raise awareness would be the 
persuasion strategy; subsidizing the insurance premium the 
farmer pays would be the incentives strategy; and offering 
help with maps to the location where insurance can be 
purchased would be a nudging strategy. Improving the 
uptake of crop insurance by farmers is often a real challenge 
and a combination of a number of strategies may be needed. 

2. Reviving drying springs 

Research suggests five different approaches for reviving 
dying springs: 

a. identify recharge areas accurately; 

b. prepare hydrogeological layout maps of the spring 
aquifer and recharge area; 

c. build simple artificial recharge structures (e.g., trenches); 

d. incentivize rainwater harvesting in farmers’ fields; and 

e. build local institutional arrangements to regulate demand. 
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Table 11.10 Disaster risk reduction elements and behavioural change strategies 



Information 

Infrastructure 

Institutions 

Insurance 

Command-and-control 

mechanisms 

Zoning and 
building code 
enforcements 

• Infrastructure 
development projects 

• Technical design 
standards 

• Building codes 

• Land use plan/zoning 

Institutionalization of 
formal and informal 
institutions 


Incentives 


• Rural housing 
reconstruction 
program (RHRP): 
financial support for 
seismic-resistant 
housing 

• Budget for 
infrastructure 
development 


Subsidizing insurance premium 
a farmer has to pay for 
index-based weather insurance 
for crops 

Persuasion 

Providing hazard 
maps 

Technical guidelines 
and dissemination 
training by engineers 
regarding infrastructure 
development 

Support from formal and 
informal institutions 

Engaging NGOs as social 
mobilizers to raise awareness 
of market insurance for crops 

Nudging 

Community-based 
flood early 
warning systems 
(CBFEWS) 

Promoting retrofitting 
with nudges to consider 
traditional and cultural 
preferences 

Institutional arrangement 
for Community-based flood 
early warning systems 
(CBFEWS)Reviving 
drying springs 

Encouraging self-insurance 
through personal savings 
motivated by a clearly visible 
purpose such as loss of crops 
due to floods 


In the case of resilience, we are trying to bolster the 
capacity of farmers through information, infrastructure, and 
institutions. On the third question, building local institutional 
arrangements to regulate demand would be the 
command-and-control mechanism; grants or subsidized 
loans for building simple recharge structures such as tren¬ 
ches and ponds would be an incentive method; making the 
maps available would be persuasion by information; and 
incentivizing rainwater harvesting in farmers’ fields would 
also be an incentive method, but may also require some 
nudging. 

3. Building resilience to flash floods 

A number of actions have been identified for building resi¬ 
lience to flash floods: hazard mapping, zoning policies, 
modem hydromet stations, information and communication 
technologies, local community involvement, and the 
national-local supportive interface. In this case, we are trying 
to build the resilience of the community through informa¬ 
tion, infrastructure, and institutions. On the third question, 
zoning policies would be the command-and-control mecha¬ 
nism; such policies would include road alignment and 
hydropower station location policies. Providing hazard maps 
would be persuasion and community-based flood early 
warning systems would be a nudge. 


4. Building resilience to earthquakes 

A number of actions identified for evidence-based analysis 
of water-related disasters may also be useful for identifying 
geophysical hazards, especially in the context of earthquakes 
that lead to landslides, dammed rivers, and flash floods 
subsequent to the breaching of landslide dams. The actions 
suggested for evidence-based disaster risk assessment are: 

a. conduct risk assessment to identify the nature and mag¬ 
nitude of risk; 

b. assess the effectiveness of preventive investment, land 
use planning, and emergency actions; 

c. collect and archive hazard and damage data to develop 
indicators that make risk assessment evidence-based; and 

d. apply the latest science and technology to promote 
practical risk assessment. 

Developing and enforcing land use guidelines with the 
aim of limiting exposure to geohazards and paying more 
attention to areas where major infrastructure development 
projects such as roads and hydropower are proposed 
(Shrestha et al. 2016) would be a command-and-control 
mechanism. Similarly, developing applicable project design 
standards/building codes and communicating them to 
households and builders to enhance local government 
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management for construction quality control in rural and 
urban areas (Molden et al. 2016; Shrestha et al. 2016) would 
be a combination of persuasion and command-and-control 
mechanisms. Both measures—zoning and building code 
enforcements—would also require nudges to motivate 
households and builders to follow the land use guidelines 
and building codes. 

For pursuing these measures, evidence-based analysis 
could help to build a strong knowledge base. First, land use 
guidelines based on potential hazard maps could be updated 
with evidence-based hazard maps. Second, building codes 
based on potential hazards could be updated with the evi¬ 
dence of the damage to buildings during the earthquake. 
Evidence-based analysis may also help as a nudge for 
households occupying existing buildings, because they can 
see for themselves what could happen if the building codes 
are not followed. 

In a typical case, especially because of the 
low-probability, high-impact nature of earthquakes, there 
may be a tendency for households to procrastinate and 
postpone retrofitting measures for a number of reasons. First, 
there may be some ambiguity about what constitutes optimal 
mitigation, because households cannot see what damage 
could occur if the retrofitting measures are not taken or the 
building codes not respected. Second, households may have 
budget constraints for investing in protective measures. In 
addition, they may see it as affordable or unaffordable based 
on how they frame it—an improvement similar to installing 
a leaky roof, which might ultimately lead a house to col¬ 
lapse, or an improvement similar to installing a leaky faucet, 
which might lead to high water bills. Third, they may also 
shy away from mitigation efforts because there is uncertainty 
as to when the next earthquake is likely to occur. It has been 
found that when making choices for the distant future, we 
may see the benefits clearly and decide on them, but when 
the time comes to pay, we tend to focus on costs—leading to 
procrastination. Therefore, nudges may be necessary to 
motivate households to invest in retrofitting measures and to 
sincerely respect building codes (Kunreuther and 
Michel-Kerjan 2008). 

11.4.4 Information Flows Are Crucial for Early 
Warning Systems 

Flood early warning systems are one of the most effective 
non-structural ways to minimize loss of life and property 
(Shrestha et al. 2008). Early warnings are transmitted from 
upstream to downstream communities to minimize the 
impacts of disasters. Accurate rainfall estimations and 
sharing of data and information are critical for reliable and 
timely flood forecasting and warnings. In many regions, 
operational flood forecasting has traditionally relied on a 


dense network of rain gauges or ground-based rainfall 
measuring radar equipment that report in real time. Rapid 
advances in communication technology are making access to 
data cheaper. At the same time, hydrological and meteoro¬ 
logical monitoring and modelling technologies continue to 
improve significantly. These technological advances can be 
exploited to promote regional cooperation for flood risk 
reduction in the HKH by providing an end-to-end flood 
information system. The system functions as a decision 
support tool for decision makers to alert vulnerable com¬ 
munities in a timely and accurate manner. 

In the HKH, ICIMOD in partnership with the World 
Meteorological Organization and the regional member 
countries of Bangladesh, Bhutan, China, India, Nepal, and 
Pakistan, has developed a regional flood information system 
(HKH HYCOS) that allows the visualization and extrapo¬ 
lation of real-time data from gauging stations to any geo¬ 
graphical location providing information on the river water 
levels and the amount of rainfall (Shrestha et al. 2015). 
Using this real-time data, a flood outlook has been devel¬ 
oped for the Ganges Brahmaputra basin. In August 2014, 
this flood outlook was used by Nepal’s Department of 
Hydrology and Meteorology to issue a flood warning for the 
rivers of Nepal. It did so by means of a flood bulletin which 
was widely disseminated through its website (Shrestha and 
Pradhan 2015). 

At the local level, the Hyogo Protocol and the SREX 
2012 has identified a gap in getting flood early warnings 
directly to the communities that are most vulnerable. 
A community-based flood early warning system (CBFEWS) 
is an integrated system of tools and plans in which upstream 
communities, upon detecting flood risk, disseminate the 
information to vulnerable local communities downstream for 
preparedness and response to save lives and livelihoods 
(United Nations 2006). This is done using low-cost tech¬ 
nology like wireless and solar-powered transmitters and 
receiver stations and mobile phone text messaging. Box 11.6 
describes an example of this type of system in practice. 

Box 11.6 Reaching the most vulnerable across 
the border 

On 12 August 2017, local communities either side of 
the border crossed by the Ratu river—Bardibas in 
Mahottari district, Nepal and Bhittamore in Sitamarhi 
district, India—shared real-time information about an 
upcoming flood, which helped save lives and liveli¬ 
hoods in the vulnerable downstream communities in 
Bhittamore. The population in the Indo-Nepal border 
districts received information from the CBFEWS 
almost eight hours prior to the event. The 
upstream-downstream cross-border information flow 
provided an opportunity for the caretakers in the two 
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countries, local communities, and partner organiza¬ 
tions to know about the upcoming flood, prepare 
themselves and react immediately to save people and 
property (http://www.icimod.org/?q=28515). 

CBFEWS was initiated by ICIMOD in early 2010 
under a flash flood project. A human face was given to 
the technology in 2012 under the HICAP initiative, 
and CBFEWS was piloted in Assam, India. The 
impact of CBFEWS was acknowledged by 
UNFCCC’s Momentum for Change 2014 Lighthouse 
Activity Award as a shining example innovative use of 
ICT. From 2015 onwards, CBFEWS was out scaled in 
India (Bihar) and Nepal under the Koshi Basin Ini¬ 
tiative, in Pakistan under the Indus Basin Initiative, 
and in Afghanistan under a special project. 


11.4.5 Building Critical Infrastructure Which Is 
Resilient to Disasters 

Critical infrastructure is highly vulnerable to, and a major 
casualty of, natural disasters. Repairing or replacing infras¬ 
tructure assets after a disaster is often difficult and costly, 
which can exacerbate the suffering of affected communities. 
The need to address climate risks in infrastructure projects is 
becoming increasingly urgent for economic development in 
emerging markets. The World Bank Group and other inter¬ 
national financial institutions are well-placed to address the 
intersection of climate risks and infrastructure. They are 
screening investments for climate risks, providing analytical 
tools to measure risks, and designing measures to respond to 
risks, including innovative insurance approaches. The pri¬ 
vate sector can also contribute to disaster risk reduction 
through corporate social responsibility (CSR) activities. 
Sudmeier et al. (2013) developed an operational framework 
to measure resilience and vulnerability to disasters in the 
mid-hill regions of Nepal by defining resilience indicators 
based on a literature review, field observations, and a par¬ 
ticipatory approach with stakeholders. The framework can 
be used as a tool for guidance, providing direct interventions 
to reduce the risk of landslides and floods in the vulnerable 
mountainous regions of Nepal, including building critical 
infrastructure. 

The HKH region is also physically vulnerable to earth¬ 
quakes. Two major recent earthquakes in the region exem¬ 
plify the urgent need to enhance physical resilience. On 8 
October 2005, Pakistan’s northern areas were struck by a 7.6 
Mw earthquake. The impact of the 2005 Kashmir earthquake 
was devastating. More than 73,000 people were killed, 
130,000 people were injured, and more than 200,000 houses 


Table 11.11 Comparison of the Pakistan and Nepal earthquakes 



2005 Pakistan 
earthquake a 

2015 Nepal 
earthquake 5 

Total damage and 
loss 

USD 2,851 million 

(PKR169,333 

million) 

USD 7,065 
million 

(NPR 706,461 
million) 

Housing damage 
and loss 

USD 1,152 million 
(40.41%) 

USD 3,505 

million 

(49.62%) 

Deaths 

73,000 

8,702 

Injured 

70,000 

22,303 

Houses destroyed 

203,579 

498,852 

Houses damaged 

196,574 

256,697 

Total recovery 
needs 

(USD million) 

USD 3,503 million 

USD 6,695 
million 

Housing recovery 
needs 

(US$ million) 

USD 1,552 million 
(44.30%) 

USD 3,278 

million 

(48.96%) 


Sources a ADB and World Bank (2005); b NPC (2015) 


were destroyed, rendering 3.5 million people homeless. In 
response, the Government of Pakistan collaborated with 
international partners to launch a Rural Housing Recon¬ 
struction Program (RHRP) at a cost of more than USD 1.5 
billion (GFDRR 2013). RHRP relied on an owner-driven 
mechanism providing multi-tranche financial support to 
beneficiary households, based on inspection and certification 
at various stages of construction to ensure compliance with 
seismic-resistant standards (GFDRR 2013). On 25 April 
2015, Nepal was struck by a 7.8 Mw earthquake which 
affected more than 8 million people. Table 11.11 summa¬ 
rizes the effects of the two earthquakes. 

A comparison of the actions taken in the wake of the two 
earthquakes suggests that building resilience to earthquakes 
requires taking the following into account: 

• Developing seismic-resistant structural designs should be 
the first important step in developing resilience, but this 
step needs to reflect on the common vulnerabilities in 
local practices, and identify the damage patterns and 
construction materials using damage assessments. 

• Evidence-based persuasion and nudging are the keys to 
communicating the technical requirements to communi¬ 
ties and inducing them to apply the designs on the 
ground. 

• Another key factor in developing resilience is to have a 
transparent mechanism for cash disbursement and tech¬ 
nical inspection. Dedicated authority to implement and 
enforce such standards will help provide a consistent and 
reliable agent for change in the community’s behaviour. 
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11.4.6 The Role of Institutions Is Critical 
in Resilience Building Measures 

Building resilience to climate change, and its effectiveness, 
depend on how institutions (formal and informal) at the local 
and national level structure and internalize incentives for 
individual and collective action. The role of the institution is 
important if it is to support vulnerable social groups at the 
local level and can be considered as a specific component for 
enhancing capacity and delivering external resources to 
facilitate resilience and adaptation (Agrawal 2010; Christo- 
plos et al. 2010; Dovers and Hezri 2010). 

Pradhan et al. (2012) presented learning from four case 
studies in the HKH that analyse the role of policy and 
institutions in local adaptation planning to enhance com¬ 
munity resilience. The building of effective resilience is 
determined by the interface between civic (civil society), 
public (state/govemment), and private (market/service 
organizations) institutions in their formal and informal 
roles operating at different scales. Agrawal (2010) empha¬ 
sized that public sector institutions are more likely to facil¬ 
itate adaptation strategies related to communal pooling, 
diversification, and storage owing to their command over 
authoritative action and their ability to channel technical and 
financial inputs to rural areas. Private sector organizations 
are more likely to have greater expertise in promoting 
market exchange and diversification, because of their access 
to financial resources. Non-profit service organizations may 
also be able to advance communal pooling. Civic sector 
institutions can strengthen different responses because of 
their greater flexibility in redefining goals and adopting new 
procedures. Depending on the extent to which there is a 
match or mismatch between the aims and comparative 
advantages of different institutions, the interface between 
institutions can be supportive or unsupportive. 

A supportive interface is clearly desirable, but rarely 
found, where formal public institutions are supporting for¬ 
mal and informal institutions at all stages of adaptation 
planning. An example from China shows how a supportive 
interface can work. In 2005, after an extreme drought, the 
Ministry of Water Resources, National Reform and Devel¬ 
opment Commission, and the Ministry of Civil Affairs 
jointly issued a “Suggestion on strengthening the establish¬ 
ment of water users’ associations” (Policy Decision 10), 
which recommended the establishment of water user asso¬ 
ciations to manage rural water infrastructure. The Baoshan 
Municipality Water Bureau established 520 water user 
associations between 2006 and February 2009, covering 
142,449 households in 306 villages across 65 townships, and 
managing a total of 13,281 ha of irrigated land. All the 
counties in Baoshan issued their own implementation 
guidelines to establish the water user associations, with their 


own constitutions and regulations governing the operation of 
the associations. According to the government’s report, a 
supportive interface was achieved between the policy 
implementation and water user associations, who owned and 
managed their water infrastructure, promoted water-saving 
practices, and reduced conflicts in the collection of fees in 
order to deal with drought. However, some water user 
associations experienced an unsupportive interface due to 
lack of funds for their operation, inefficient leadership, and 
lack of legal clarity regarding their status. The empirical 
evidence showed that the ability of the communities to 
maintain a supportive interface largely depended on the 
relationship between village leaders and local officials. This 
is an informal mechanism for obtaining a supportive inter¬ 
face from the public sector, which is a barrier to some 
communities that are not well positioned to procure the 
support they require from the local government. 

In another example from Baoshan after the severe 
drought of March 2009, the Longyang District Government 
sent a “Notification on Strengthening Work against the 
Current Drought” to all government units mentioned in the 
Plan. The district agriculture bureau submitted a needs 
assessment and recovery report prepared in consultation with 
the communities in 18 townships. Based on the report, the 
provincial committee disbursed funds to those townships 
which had requested relief such as water pumping machines. 
The supportive interface between the provincial government 
and the communities was liaised by the district agriculture 
bureau to implement the government plan, which resulted in 
enhanced adaptive capacity and resilience of the communi¬ 
ties to address drought. 

These examples suggest that resilience building cannot 
occur in a social vacuum: It needs to be supported by 
institutions and policies. Planning for resilience building 
should give greater attention to the development of effective 
institutional arrangements, which requires supportive inter¬ 
faces between institutions for building adaptive capacity and 
enhancing the resilience of communities (Pradhan et al. 
2012 ). 

11.4.7 Nudging Could Help Motivate People 
for Self-insurance 

In industrialized countries, market insurance is the primary 
means of risk management. In the HKH, governments and 
the private sector are currently trying to promote market 
insurance for various uses, for example crop insurance. Until 
market insurance becomes more widely adopted in the 
region, self-insurance products could be used to help increase 
resilience to natural disasters. Self-insurance in this context is 
defined as having adequate personal resources to cope with 
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the consequences of a disaster. Reports suggest that it is 
easier to motivate people to save when the purpose of saving 
is clearly visible (Soman and Cheema 2011). This implies 
that it would be easier to motivate individuals to purchase 
self-insurance if they live in areas prone to floods and land¬ 
slides, which occur more frequently (Tversky and Kahneman 
1974), than if they live in areas prone to earthquakes and 
droughts, which occur less frequently. Financial products and 
institutional mechanisms for saving also need to be simple 
and practical, including those for small savings by the 
marginalized and the poor (Dupas and Robinson 2013). 

Two field experiments conducted to motivate individuals 
to save, provide some useful lessons for savings for natural 
hazards. These experiments are noteworthy because they 
demonstrate how nudging by developing the appropriate 
choice architecture could help motivate people to save for 
self-insurance. 

Soman and Cheema (2011) in India demonstrated the 
importance of clear objectives for which individuals are 
saving—‘earmarking’ money in the sense of reserving or 
setting it aside for a particular purpose. The researchers 
tested whether households of infrastructure construction 
workers (146 daily-wage labourers) whose earmarked 
money envelope was labelled with their children’s pictures 
would save more than participants whose earmarked envel¬ 
ope was not labelled in this way. Regardless of whether the 
target savings were set at high (INR 80) or low (INR 40), the 
household savings over 14-weeks were higher for those with 
a money envelope earmarked with their children’s pictures. 

Dupas and Robinson (2013) in Kenya demonstrated the 
importance of a storage mechanism, earmarking, and social 
commitment in the process of saving for preventative health 
activities and health emergencies. The study involved par¬ 
ticipants in 113 local rotating savings and credit associations 
(ROSCA), in which participants meet periodically and 
contribute equal amounts to a pot that is taken by one of 
them. The participants were encouraged to save for health 
and divided into five groups: two for preventative health 
with nudging, one for health emergencies only with nudging, 
one for both preventative and emergency health with 
nudging, and one without nudging (the savings device). 
They found that for preventative health, the average impact 
of earmarking was KES 57.54 and that of social commitment 
KES 273.46. For health emergencies, they estimated the 
percentage of participants who could not afford medical 
treatment for an illness in the past three months but could 
afford it after participating in the earmarking process. The 
average impact of the earmarking process was 8% when not 
monitored and 12% when monitored. 

These experiments suggest that a simple savings device, 
such as an envelope or a storage box, may help to nudge 
people to save. The savings can be increased by mentally 
clarifying the purpose of the savings, and further increased by 


normative pressure through social commitment. In the dis¬ 
aster risk reduction literature, Kunreuther and Michel-Kerjan 
(2008: p. 60) argue that “recent disasters have provided 
empirical evidence that a large number of people do nothing 
in advance of a disaster because they use budgeting heuris¬ 
tics, misperceive the risk, underweigh the future and/or are 
myopic, fail to learn from past experience, and are influenced 
by social norms and interdependencies”. Two of these issues 
are addressed in the experiments: (1) earmarking, monitored 
and unmonitored, to take care of budgeting heuristics by 
clarifying the purpose of saving; and (2) normative pressures 
on savers through social commitment, to take care of social 
norms and interdependencies. Although the experiments 
were not directly related to saving to cope with natural haz¬ 
ards, they provide important lessons for encouraging 
self-insurance through savings for vulnerable populations. 


11.5 Summary and Way Forward 

Mountain communities are threatened by numerous risks 
from natural hazards and a changing risk pattern. Disaster 
risk reduction is particularly important in mountain areas for 
many reasons, including the multi-hazard environment, land 
use pressure, and the effects of climate change. Flash floods 
and landslides are the most frequently occurring natural 
hazards in middle hill terrain in the HKH, particularly during 
the monsoon season, and flooding in the plains. There is an 
increasing trend in the number of events reported, people 
killed, and economic loss due to natural disasters in the 
region. Records of natural disasters and related studies 
indicate that more women than men die when disasters 
strike. This is the result of women’s lack of information, 
mobility, decision-making power, and access to resources 
and training, as well as gender-based sociocultural norms 
and barriers, conventional gender responsibilities, and high 
rates of male outmigration. 

Assessing risk without considering the effects of climate 
change is no longer an option in the mountainous areas, 
which are particularly sensitive to climate change. 
Risk-informed planning will help to create safer land use 
practices and hazard-proof infrastructure and housing. In 
addition, cross-border cooperation to share information and 
best practices is necessary for early warning systems and 
other precautionary measures. Access is important in effec¬ 
tive response. Mountain communities are more vulnerable as 
a result of their remoteness, poor accessibility, and lack of 
emergency communication. Thus, sustainable mountain 
development requires a systematic and integrated risk man¬ 
agement approach to avoid or reduce future losses. 

Disaster risk is expressed as the probability of loss of life, 
injury, or destroyed or damaged assets which could occur to 
a system, society, or community in a specific period of time. 
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Such probability can be estimated by assessing hazards, 
exposure, and vulnerability. While hazards and exposure can 
be estimated empirically and quantitatively using historical 
events, vulnerability assessment has multiple disciplinary 
theories. Although it is not easy to assess the physical vul¬ 
nerability in the HKH quantitatively based on data, estima¬ 
tion is possible using national data, such as data on quality of 
infrastructure services from the World Economic Forum, as 
proxies. Socioeconomic vulnerability assessments should 
take into account multiple dimensions, such as income 
inequality, gender inequality, governance, and national 
progress for disaster risk reduction in the light of the Sendai 
Disaster Risk Reduction Framework. 

Enhancing community resilience to hazards by reducing 
vulnerability and pursuing resilience-building measures 
needs a clear understanding of disaster risks, which can help 
policy makers to prioritize strategies that increase their pop¬ 
ulation’s resilience to these events. A framework is needed for 
assessing risks due to hazard events and suggesting measures 
to increase resilience of the communities in the HKH. The 
framework proposed draws upon the principles of the 1994 
Yokohama Strategy and Plan of Action, the 2005 Hyogo 
Framework of Action, the Sendai Framework for Disaster 
Risk Reduction 2015-2030, and UNDP’s 2007 Human 
Development Report. It envisions a 4 x 4 matrix emphasiz¬ 
ing the four elements of disaster risk reduction—information, 
infrastructure, institutions, and insurance—against the four 
elements for successful planning and execution— 
command-and-control mechanisms (e.g., zoning regulations; 
land use guidelines and building codes); monetary incentives 
(e.g., subsidies on insurance premiums); persuasion by pro¬ 
viding information (e.g., risk maps); and nudging (e.g., early 
warning systems). The framework also helps to address three 
key questions for pursuing resilience-building measures: 
Whose resilience would we like to enhance? What can be 
done to increase resilience? How can the individuals, com¬ 
munities, or city governments be motivated to adopt the 
measures that fall into one of these four categories? Ulti¬ 
mately, the individual or the group of beneficiaries whose 
resilience we are trying to enhance must select one or more of 
these methods to increase resilience. Often, a combination of 
methods may be appropriate; this will depend on the type of 
hazard event under consideration for resilience building. 
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Chapter Overview 


Key Findings 

1. Overall, in the mountains and hills of the HKH 
region, the poverty incidence is one-third com¬ 
pared to one-fourth for the national average. 

Country-level estimates mask significant inequities 
between mountainous and non-mountainous 
regions, as well as within mountainous areas. The 
acute shortage of mountain-specific poverty data 
makes knowledge-building a high priority. 

2. Poverty reduction approaches/programmes 

designed at national level are likely to miss 
crucial subnational and local manifestations of 
poverty. Countrywide strategies usually have 
limited impact on poverty reduction in the moun¬ 
tains and can make mountain livelihoods more 
vulnerable. 

3. Determinants of vulnerability and of poverty in 
the HKH overlap substantially. Cross-countries 
assessments show similarities in the determinants 
and patterns of poverty and vulnerability in the 
HKH. Apart from remoteness, poor accessibility, 
and high dependence on natural resources, major 
determinants of poverty and vulnerability in the 


region are socioeconomic inequities, conflicts, 
gender inequities and caste/ethnicity-based dis¬ 
crimination. The HKH is home to millions of 
indigenous peoples who are economically, socially, 
and politically marginalized. 


Policy Messages 

1. Closing the income gap between the plains and 
mountain regions is not possible without more 
mountain-specific poverty-reduction pro¬ 
grammes. Global, regional, and national institu¬ 
tions should allocate resources for the development 
of mountain specific poverty reduction policies to 
address three key aspects: 

• Social and economic infrastructure for poverty 
reduction programmes has to take note of the 
fragile mountain ecosystem. 

• Targeted approaches are required for indige¬ 
nous and marginalized communities inhabiting 
mountains. 
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• New threats from climate change require new 
forms of social protection. 

2. The most appropriate poverty measures for 
mountain areas are multidimensional, address¬ 
ing multiple deprivations in education, health, 
and living standards. Emphasis must be laid on 
regular/systematic collection, collation, and sharing 
of data among countries in the region on the 
determinants of poverty, duration of poverty spells, 
and the causes of transient poverty. The data has to 
be location-specific and lend themselves to disag¬ 
gregation by mountain specificities, such as fragi¬ 
lity, marginality, and remoteness. Availability of 
such data can help in designing poverty reduction 
policies and programmes that are appropriate for 
mountain areas. Greater investment in generating 
mountain-specific data is therefore called for. 

3. The international benchmark for poverty in 
mountain areas needs to be higher than the 
globally accepted standard of USD 1.90 per 
capita per day. Mountain people experience 
higher costs of living due to factors such as heating 
costs, food prices, and access to public services. 
Countries must undertake cost of living surveys 
targeting mountain areas. 


This chapter critically reviews the existing knowledge on 
livelihoods, poverty, and vulnerability in the Hindu Kush 
Himalaya (HKH). Development in mountain areas and the 
practices of people in these areas are uniquely conditioned 
by distinct characteristics that we term “mountain specifici¬ 
ties”. Some of these specificities—such as inaccessibility, 
fragility, and marginality—constrain development. Others— 
such as abundant biological diversity, ecological niches, and 
adaptation mechanisms—present development opportunities 
for mountain people. 

Because of these specificities, it is important to ensure 
that variables and indicators used in estimating poverty 
capture mountain specificities. For the overall HKH areas, 
the poverty incidence is one-third compared to one-fourth 
for the national averages (established but incomplete). 

This chapter explores the changing contexts of HKH 
mountain economies and livelihoods, detailing their specific 
conditions and challenges. How do these specificities affect 
policies to measure poverty, to reduce it, and to address 
mountain peoples’ vulnerability to climate change? Our 
analysis leads to policy recommendations for the region. 


Estimating mountain poverty using available data 

Precise measurement of mountain poverty and vulnerability is 
a challenge, given the large gaps in mountain-specific data for 
most HKH countries. National estimates can mask significant 
inequalities between mountain and non-mountain areas—and 
even between different mountain areas. The United Nations 
Development Programme’s Multidimensional Poverty Index 
(MPI), as currently measured, does not take account of 
mountain specificities. Despite the lack of mountain-specific 
data on income poverty and multidimensional poverty, we 
have subjected the available data to as detailed an analysis as 
possible, resulting in the following findings: 

• For income poverty, the national average of incidences 
vary widely among HKH countries—yet income poverty 
has declined in all countries over time, most rapidly in 
Pakistan, India, and Bhutan ( well-established ). National 
scale poverty estimates may, however, mask significant 
inequalities between mountain and non-mountain 
regions, as well as inequalities among mountain areas 
[established but incomplete]. For example, in Nepal, the 
poverty incidence in 2010/2011 was 42% in the moun¬ 
tains, compared with 23% in the plains and 25% 
nationally ( well-established). 

• For multidimensional poverty, national average inci¬ 
dences—reflected in the MPI—vary widely, from 5% in 
China to 59% in Afghanistan. However, if China and 
Bhutan are excluded, the multidimensional poverty rate 
is well above 40% across the region. As measured by the 
MPI, Afghanistan’s multidimensional poverty ranks 
highest (0.35), followed by India’s (0.28). China’s ranks 
lowest (0.02), followed by Bhutan’s (0.13) 
( well-established ). 

• The average intensity of deprivation is fairly consistent 
across HKH countries, varying from 43% in Bhutan and 
China to 52% in Pakistan ( well-established ). While 
citations of national poverty rates differ between the MPI 
and the Human Development Index (HDI), most HKH 
countries score poorly on both. 

The HKH region is rich in cultural heritage, sacred nat¬ 
ural sites, and pilgrimage routes that traverse the landscape 
and constitute the identity of its people. The extension of the 
argument in the specific case of mountain people, implies an 
emphasis on preserving the cultural identities of these 
communities, their cultural bonding and community resi¬ 
lience, that is considered to be beyond the purview of 
indicators captured in standard multidimensional poverty 
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indices, and yet, these are an essential component of the 
wellbeing of mountain people ( established but incomplete). 
In fact, Bhutan has been estimating Gross National Happi¬ 
ness as an alternative measure to GDP and it has four pillars: 
good governance, sustainable socioeconomic development, 
preservation and promotion of culture, and environmental 
conservation. The question is whether addressing poverty 
and vulnerability implies the need for public policy that 
integrates these aspects into response options for poverty and 
vulnerability reduction in the mountains. 

Determinants of poverty and vulnerability in the HKH 

Mountain poverty is associated with social markers and 
inequality at the intersection of class, caste, ethnicity, gen¬ 
der, education, occupation, and employment status ( well- 
established ). In addition, human wellbeing in mountain 
areas is inextricably linked to the aforementioned mountain 
specificities. The determinants of poverty and its persistence 
in the HKH fall into five categories: 

• Remoteness and low access to markets and basic 
facilities 

• Access to natural resources—and high dependence on 
them 

• Demographic factors 

• Social and cultural factors 

• Marginalization (political and socioeconomic). 

All five types of determinants may hinder the conversion 
of resources, such as income, into desirable outcomes for 
wellbeing (increasing food and nutrition security; raising 
educational achievement; improving health) (< established but 
incomplete). 

Vulnerability—a pervasive aspect of livelihoods in the 
HKH—is intrinsic to mountain specificities. Mountain sys¬ 
tems are fragile. People depend on ecosystem services. The 
region is highly exposed to weather variability and climate 
change. Similarly, poverty and vulnerability overlap to a 
large extent: both are multidimensional, with common cau¬ 
ses that manifest in similar risks and outcomes ( established 
but incomplete). 

Livelihood diversification in the HKH: Causes and context 

Mountain livelihoods in the HKH are evolving. The past 
three decades have seen a significant shift from the 
agro-pastoral to a combined subsistence-labour system: 
mountain households no longer rely entirely on their land, 
though they cannot make do entirely without it. Mountain 
households increasingly rely on livelihoods that combine 
farm work with non-farm activities, such as wage labour, 
circular labour migration, and tourism services. 


The determinants of livelihood diversification in the HKH 
are varied. They include population growth, land fragmen¬ 
tation, and fast-paced urbanization, among other demo¬ 
graphic changes. Environmental and climatic change, both 
global and local, is also driving diversification—as is eco¬ 
nomic globalization based on the increased connectivity that 
expands access to markets (well-established). 

Mountain people experience these changes in a distinc¬ 
tive context. In the mountains of the HKH, land is scarce, for 
the most part, and formal property rights either do not exist 
or are ill-defined. Employment is largely informal; access to 
social and economic services—including financial instru¬ 
ments—is limited and social protection is limited. 

Under such conditions, livelihood diversification is 
expected. Yet diversification alone does not adequately 
buffer mountain people and enable them to cope with crisis 
and manage risk (well-established). To provide such a buf¬ 
fer, targeted interventions are required. For example, as 
agricultural patterns shift from traditional multi-cropping to 
the commercialized mono-cropping of high-value com¬ 
modities, the preservation of neglected and underutilized 
food crops (such as millet and buckwheat) can maintain 
genetic variety and increase food and nutrition security by 
offering higher resilience to climate change (established but 
incomplete). Such efforts are vital, given increased climate 
risks and persistent malnutrition. Herein, social groups and 
cooperatives can play a critical role in managing and using 
resources. 

Two calls for action: Design interventions to target poverty 
and vulnerability now—and gather data to improve policies 
in the future 

Mountain poverty and vulnerability often respond to the 
same interventions. For example, mountain-specific policies 
designed for the water and energy sectors can reduce poverty 
and livelihood vulnerability. Similarly, mountain-specific 
social-protection programmes can respond to new challenges 
driven by global climate change (inconclusive). In some 
cases, the joint provision of health services, decentralized 
energy, financial services (credit and insurance), and weather 
information has reduced poverty and climate risks. Fur¬ 
thermore, interventions that tackle challenges facing 
marginalized groups—including ethnic minorities—can 
boost economic returns from cultural tourism, alleviating 
poverty among the poorest, while preserving the region’s 
ecological and cultural diversity (established but 
incomplete). 

The above-mentioned examples show that even with 
existing data, successful mountain-specific interventions can 
be developed. Accordingly, national, regional, and global 
institutions should allocate resources to develop 
mountain-specific policies. 
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This chapter highlights the urgent need for gathering 
longitudinal data on poverty and vulnerability determinants, 
the duration of poverty spells, and the causes of transition in 
and out of poverty—disaggregated for mountain areas, while 
harmonized with national surveys and databases that enable 
the disaggregation of data for mountain areas. If future data 
gathering is to include information on key potential drivers 
of poverty in the HKH—such as the impacts of climate and 
other global drivers of change on mountain-specific liveli¬ 
hoods—then new investments and research on the ground 
will be needed. 

To enable mountain-specific policies and mountain- 
development pathways that are pro-poor and gender- 
inclusive, we urge the priority allocation of increased 
resources to mountain-specific data gathering, with a focus 
on poverty and vulnerability. 


12.1 Anticipating Change: Mountain 
Livelihoods in a Changing Context 

Mountain farmers have continuously adapted their farming 
systems to a risky and changing environment. Today, mul¬ 
tiple transitions are affecting the mountain farming systems 
in the HKH, presenting both challenges and opportunities. 
This section provides the context of traditional mountain 
livelihoods, highlighting the shifts from agro-pastoral sub¬ 
sistence to the multi-local livelihood diversification strate¬ 
gies that integrate on-farm and off-farm activities that are 
now prevalent in the HKH. 

12.1.1 Mountain Livelihoods: Trends, 
Challenges, and Strengths 


Mountain Poverty and the Sustainable Devel¬ 
opment Goals 

While Sustainable Development Goal (SDG) 1 com¬ 
mits nations to eradicating poverty by 2030, the 
mountain specificities detailed in this chapter suggest 
that SDG 1 must be applied in distinct ways to 
mountain areas. 

• First, because mountain people experience higher 
heating costs, higher calorie requirements, and 
higher food commodity prices, the international 
income threshold of extreme poverty for HKH 
mountain areas should exceed the globally accep¬ 
ted standard of USD 1.90 per capita per day. 

• Second, because poverty is generally higher in the 
mountains of the HKH than in the plains, eradi¬ 
cating national poverty by 2030 will require a 
higher rate of poverty reduction in mountain areas. 

• Third, in meeting SDG Target 1.2—“By 2030, 
reduce at least by half the proportion of men, 
women, and children of all ages living in poverty 
in all its dimensions according to national defini¬ 
tions”—the governments of the HKH should pro¬ 
mote the use of multidimensional poverty 
measures. Such measures are more appropriate 
generally and, particularly, for the mountains. 

• Fourth, poverty reduction programmes must focus 
more on indigenous peoples, women, and other 
marginalized social groups, among which the 
incidence of poverty is most severe. Social pro¬ 
tection programmes are needed. 


For a majority of people in the HKH, crop-livestock agri¬ 
culture (CLA) has long been a source of livelihood (see 
Box 12.1). With more than 200 million smallholder farmers, 
agriculture constitutes 40% of the region’s GDP. It also 
generates the bulk of livestock products—75% of the milk 
and 60% of the meat—and CLA employs millions of people 
on farms. In CLA, the livelihood of smallholder farmers 
strongly depends on natural resources to support the popu¬ 
lation of humans and their livestock. Overgrazed pastures, 
soil erosion, forest degradation, reduced recharge of aqui¬ 
fers, and population growth have led to a steady decline in 
resource endowments (see Chap. 5). As a risk multiplier, 
global environmental change exacerbates these challenges, 
but it may also create new opportunities (see Chap. 13). 

Box 12.1 Mixed Crop-Livestock Agriculture 

Crop-livestock agriculture (CLA) (see Fig. 12.1) is 
part of a dynamic system of interactions among bio¬ 
physical, social, and ecological processes that pro¬ 
duces about half of the world’s cereals and is a crucial 
component of food, fibre, and fuel production for 
developing countries (Herrero et al. 2010). CLA has 
long offered a sustainable way to make efficient use of 
available natural resources in the environmentally 
challenging HKH; CLA farmers rear animals mostly 
on grass from common-pool resources (rangeland and 
forest) and non food biomass from crops, while the 
animals supply manure and traction to agriculture. In 
addition to the more obvious coupling of crops and 
livestock, there is also the coupling of common-pool 
resources and household-level enterprises. 
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Fig. 12.1 The dynamic system 
of crop-livestock agriculture in 
the HKH (Source developed by 
Netra Chhetri for this chapter) 



In general, livelihood conditions are strongly linked 
to the capacity of natural resources to support human 
populations and their livestock. Sustainable manage¬ 
ment of water, animal fodder, biomass, and fuelwood 
derived from common-pool resources is critical for 
ensuring the continued flow of goods and services for 
sustaining the livelihoods of smallholder farming 
communities across the HKH. Overgrazed pastures, 
soil erosion, forest degradation, and reduced recharge 
of aquifers have led to a steady decline in resource 
productivity. As a risk multiplier, climate change 
exacerbates these challenges. A well-designed 
research agenda focused on innovation and solutions 
will help sustain this unique socio-ecological system. 
Success will require a system-level understanding of 
the mixed CLA and its vulnerability to 
socio-ecological stimuli and shocks. To help improve 
current farming efficiency and the reliability of CLA, 
science-based and community-driven agricultural 
innovation and development are needed. Innovation 
that includes integration of scientifically based best 
practices with the experience and participation of a 
broad set of stakeholders is needed to ensure the future 
resiliency of the system. 

By placing the household at the focus of analysis, this 
assessment highlights both the exogenous (risk factors) and 
endogenous (coping mechanisms) drivers that make the 
socio-ecological system of the HKH more vulnerable. 
Viewing the household as a primary focus of concern is not 


intended to undermine the importance of intra-household 
level data in understanding crucial gender and power 
dynamics, which are covered elsewhere in this assessment 
(see Chap. 14). Our aim is to demonstrate how the vulner¬ 
ability of households is enmeshed in a complex of inter¬ 
linked social, environmental, and market forces. The 
following sections present a review of the key emerging 
livelihood trends across the HKH. 

12.1.1.1 From Subsistence Farming 
to High-Value Agriculture 

The HKH has undergone a significant transformation in 
recent decades with respect to land use change, cropping 
systems, and access to markets. Farmers across the region 
have been gradually shifting from subsistence to high-value 
agriculture (Singh et al. 2011). A number of factors have 
been contributing to this shift, including a growing recog¬ 
nition of niches for high-value crops, such as fruits, veg¬ 
etables, and spices like ginger, turmeric, and cardamom 
(Tulachan 2001; Chand et al. 2008; Adhikari 2014). The 
shift to high-value crops has also been facilitated by other 
factors, such as improved road networks providing market 
access for previously isolated communities, growth of 
remittance inflows, expansion of cooperatives, increased 
presence of NGOs, and targeted government activities 
(Kreutzmann 2006; Yi et al. 2007, 2008; Wangchuk and 
Siebert 2013; Khattri 2012). 

Recently, high-value crops have been introduced into 
crop rotations, especially in the lower-elevation areas with 
access to markets, technology, and irrigation. In China, 
high-value cash crops provide farmers four times as much 
income as rice (Chen 2011). In Nepal, export earnings from 
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the top three high-value crops (lentil, tea, and cardamom) 
exceed the value of cereal and dairy imports (CBS 2011). 
Tea, coffee, cardamom, ginger, and turmeric have evolved as 
important cash crops in part of the hills of Nepal (Pandey 
et al. 2009; Khattri 2012). 

In Bhutan, traditional crops such as buckwheat, sweet 
potatoes, millet, wheat, naked barley, and green beans have 
been replaced with potatoes. Intensively cultivated potato 
fields are heavily fertilized with agrochemicals, and handheld 
traditional farming tools are substituted with small tractors 
(Wangchuk and Siebert 2013). A study revealed that the 
majority of households in the Bumthang village of Bhutan 
derive most of their income from the sale of potatoes, which 
is then used for purchasing imported rice from India (Dorji 
2011). In northern Pakistan, cash crops such as potatoes and 
fruits (including almonds, apricots, grapes, and cherries) have 
been gradually introduced since the 1980s. Along with cash 
crops, greater connectivity (the construction of the Karako¬ 
ram Highway, for example) has also greatly improved trade 
and income in the area (Kreutzmann 2006; Gioli et al. 
2014b). A similar phenomenon has been reported in Tibet, 
where farmers with access to roads grow significantly more 
cash crops and fewer subsistence food crops, as compared to 
communities that are not connected to roads (Salick et al. 
2005). Despite repeated crop failure, a majority of house¬ 
holds in Ladakh, in the Indian Himalaya, continue intensive 
cultivation of potatoes with the hope of generating and 
diversifying household income, as on-farm income genera¬ 
tion is considered vitally important (Dame and Nusser 2011). 

There are several success stories associated with 
high-value crops. National and provincial governments in 
the HKH are exploring options for scaling up the successes. 
Two outstanding stories include vegetable and apple farming 
in Himachal Pradesh, India and Ningnan County, China. 1 
After switching from subsistence crops to high-value crops, 
their income and quality of life have significantly increased. 
The sustainability of these emerging agricultural activities— 
and their competitiveness in the context of a market econ¬ 
omy—depends upon effective management of natural 
resources and technological and social innovation cus¬ 
tomized to site-specific needs of smallholder farmers. The 
substitution of subsistence farming by high-value crops has a 
potential negative impact on livelihoods, as this may lead to 
the destruction of pasture land in the mountain areas. 

While the development of high-value agriculture is cru¬ 
cial in addressing poverty and enhancing livelihoods 
options, farmers and their supporting institutions should not 
be complacent, as specialized agriculture is historically 
known to create vulnerabilities. Livelihood scholars have 


'See: http://lib.icimod.org/record/22650/files/c_attachment_l84_2113. 
pdf. 


long viewed diversity as a central determinant of livelihood 
security (Chambers and Conway 1992). Traditional multiple 
cropping technologies, tailor-fit to a locality, could be 
refined and exploited to adapt against the potential threats of 
global environmental change and to ensure food security 
(Altieri 1999; Katwal n.d.). Replacing a diverse set of 
site-specific agricultural practices with intensive, 
market-driven mono-cropping (such as potatoes) tends to 
reduce household food self-sufficiency and increase social 
and ecological risk, and may reduce the wellbeing of rural 
households in the long run (Yi et al. 2008; Zimmerer 2010). 

It is also important to note that farmers’ decisions to 
improve their livelihoods can have negative outcomes—not 
only locally, through transformations of ecology and social 
relations, but also globally, through market channels (Adger 
et al. 2003). Markets in the future will be increasingly 
homogenized towards global requirements and demands. 
Food production, distribution, and marketing chains are 
changing along with improvements in infrastructure, com¬ 
munications, and vertical business structures, integration 
into the world market, and the rapid rise of supermarkets. 
New distribution channels, dominated by larger firms 
including supermarket retailers, will impose high perfor¬ 
mance demands on their producers and people involved in 
value chains. Rising energy costs will drive up the costs of 
fertilizers, irrigation, mechanization, and, thus, food. Sys¬ 
tems of agriculture and their resource requirements in the 
HKH need to be efficient, not heavily reliant on external 
sources of fertilizer and water. As taught by the tragic 2008 
melamine-in-milk episode in Asia, there is a need for strong 
regulation and governance to avoid inadvertent inclusion of 
unmonitored agents in agriculture. 

12.1.1.2 Shifting Livestock Patterns 

Livelihood practices of the people of the HKH fall into three 
categories (Wu et al. 2016): 

• Livelihoods based exclusively on livestock herding 

• Livestock herding combined with intensive agriculture 

• The practice of mixed crop-livestock systems. 

Livestock-based livelihoods (such as the rearing of yak, 
horse, sheep, and goat) are common in high-altitude areas of 
the HKH (Berhanu et al. 2007). Access to common-pool 
resources, such as pasture and water, is fundamental to 
sustaining this form of livelihood. In the midhills of the 
HKH, the dominant form of livelihood is the combined 
practice of rain-fed agriculture (typically maize, wheat, 
barley, and potatoes) for household consumption and of 
extensive livestock rearing. Migratory mountain pastoralism, 
which has been the prevalent form of livestock-keeping in 
the mountain areas around the Tibetan Plateau, has been 
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undergoing drastic changes in terms of spatial and temporal 
migration patterns, livestock management objectives, and 
the relationship between crop cultivation and livestock (Yi 
et al. 2007, 2008). 

The practice of sedentary mixed crop-livestock (see 
Box 12.1) is a dominant form of livelihood in the lower part 
of the HKH, where traditional agricultural practices like 
multiple cropping, crop diversification, and 
conservation-tillage farming are prevalent. Multiple crop¬ 
ping is effective in maintaining agricultural production even 
under unfavourable climatic conditions. Different crops 
respond to climatic stressors differently, owing to minimum 
fluctuation in production and production systems. Conser¬ 
vation farming strives to achieve high, sustained agricultural 
production, while conserving soil and preserving the local 
environment. The recognition of the multiple functionalities 
(including recreation and conservation) of rangelands and 
other ecosystems in the HKH has also created opportunities 
for livelihood diversification of pastoral communities. In 
China, pastoralists in the Tibetan Plateau have been receiv¬ 
ing cash stipends for using rangeland resources more sus¬ 
tainably (Yi and Ismail 2011). 

Livestock is one of the fastest growing agricultural sub¬ 
sectors in the HKH. Although large ruminants such as cows, 
buffalo, and yaks make up the majority of the livestock pop¬ 
ulation in the mountains, yak numbers are decreasing in India, 
Nepal, and Bhutan, while increasing in China (Wu et al. 
2016). While elite and higher caste farmers raise large rumi¬ 
nants, poorer and disadvantaged ethnic groups tend to raise 
smaller animals such as goats, pigs, and poultry (Gurung et al. 
2005). For poorer households, these smaller animals are 
considered important because they require a low initial 
investment and minimal or no input, and offer a quick return 
on investment on a continuous basis (Brithal and Taneja 2006; 
Ali 2007; Gerber et al. 2010; Khan and Ashfaq 2010). 

Most goats are raised on marginal land and are a crucial 
source of livelihood for landless (and nearly landless) farmers 
and for households headed by women. Goats are a valuable 
commodity and are considered a source of foreign exchange 
(APHCA and ILRI 2006). In India, over 70% of rural house¬ 
holds own livestock, and the majority of livestock-owning 
households keep sheep, goats, pigs, and poultry due to land 
scarcity, but also for commercial prospects (Ali 2007). 
According to the Livestock Census (GoP 2006), among all the 
domestic livestock in Pakistan, goat had the highest growth 
rate of 3.98% per year. Pakistan ranks third in Asia in terms of 
small ruminant population, with an overall annual growth rate 
of 4%, the highest in Asia (Khan and Ashfaq 2010). In India, 
between 1992 and 2003, the poultry population increased by 
an annual growth rate of 5.9%, whereas the pig and ruminant 
populations showed only marginal increases (Gerber et al. 
2010). The growth in livestock population was driven by 
rapidly increasing demand for livestock products, population 


growth, urbanisation, and increasing incomes in developing 
countries (Delgado 2005; Thornton 2010). 

12.1.2 Livelihood Diversification 
in the Mountains 

Livelihood diversification is a daily reality for the people of 
the HKH, and it proves key to buffering against shocks and 
stresses caused by conflict, market failure, food insecurity, 
environmental hazards, and climate variability—particularly 
in a context where informal work and precarious, patriarchal 
land rights are widespread along with a lack of access to 
financial instruments and products and other forms of social 
protection. Population growth has led to land fragmentation 
and to a significant reduction of grazing area per capita. Over 
the past three decades, households in the HKH have become 
somewhat less reliant on land and are increasingly composed 
of a combination of subsistence farmers and labourers 
(Herbers 1998). These households no longer rely entirely on 
their land, yet they cannot subsist without it (Fig. 12.2). 

At the macro-economic level, a major shift from agri¬ 
culture to services and, to a lesser extent, industry is taking 
place in mountainous countries of the HKH such as 
Afghanistan, Bhutan, and Nepal and the HKH areas of China 
and India (Table 12.1). Despite the fact that this trend is 
coupled with increased urbanisation and human mobility 
(Hoermann et al. 2010), the percentage of people dependent 
on agriculture for livelihoods is still very high. 

At the household level, the susceptibility or sensitivity of 
livelihood to climate-dependent natural resources is a 



Fig. 12.2 The combined subsistence-labour household 
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Table 12.1 Structural evolution of HKH mountain economies (in 
areas where data is available) 


Country 

Agriculture 

Industry 

Services 

2002 

2014 

2002 

2014 

2002 

2014 

Afghanistan 

38.5 

23.5 

23.7 

22.3 

37.8 

54.2 

Bhutan 

27.4 

17.7 

38.6 

42.9 

35.1 

39.4 

Nepal 

40.8 

33.7 

18.1 

15.6 

43.3 

50.7 

HP (India) 

23.1 

15.9 

36.5 

41.0 

39.5 

42.9 

Tibet 

24.5 

10.0 

20.2 

36.6 

55.3 

53.5 

Yunnan 

20.1 

15.5 

40.4 

41.2 

39.5 

43.3 

Sichuan 

22.2 

12.4 

36.7 

48.9 

41.1 

38.7 


Source World Development Indicators (World Bank 2017) HP 
(Himachal Pradesh), India, data from respective Statistical 
Handbooks. HP first year is 1999-2000. For China: National 
Statistical Yearbooks, various issues, National Statistics Bureau 

concern for a higher number of households than suggested 
by macro-economic data on GDP. For instance, a significant 
part of the service industry in the mountain regions is driven 
by tourism, which is indirectly dependent on the wellbeing 
of the natural environment (Isaac 2012). 

Ongoing social changes, such as fast-paced urbanisation, 
(predominantly male) outmigration, and population growth 
have also been key factors inducing change in traditional 
crop rotations and pastoral practices (Yi et al. 2007, 2008). 
The growth of small- and medium-sized towns in the HKH 
is also helping to spur livelihood options, including oppor¬ 
tunities for education, waged employment, and trade. 

Most HKH communities tend to rely on mixed 
rural-urban livelihoods rather than pure rural or pure urban 
characteristics (The Desakota Team 2008). This has also 
been inspiring young people to migrate (seasonally) to 
adjoining towns to seek wage employment while maintain¬ 
ing ties with their homes or to undertake international cir¬ 
cular migration (see Chap. 15). 

Livelihood diversification can vary according to envi¬ 
ronmental conditions, access to markets, community 
resource endowments, cultural norms, and resource gover¬ 
nance regimes. The HKH’s rich diversity—both biophysical 
and sociocultural—requires that livelihoods cannot be 
designed with a one-size-fits-all approach. Location-specific 
policies and strategies are needed to facilitate the engage¬ 
ment of mountain communities and to promote activities that 
add value while making communities resilient and sustain¬ 
able. Understanding the existing livelihood practices and 
options is central to designing future livelihood strategies. 
No new approach to diversity should undermine the 
long-term sustainability of livelihoods. 


In the next sections of this chapter, we look into liveli¬ 
hood diversification, turning first to on-farm activities and, 
subsequently, to off-farm work, focusing on labour migra¬ 
tion and tourism. 

12.1.2.1 On-Farm Activities: The Growing 
Importance of Medicinal Plants 
and Future Smart Food 

Appropriately designed livelihood diversification can add 
value to local economies and increase economic opportuni¬ 
ties. For example, milk and meat processing, niche-based 
high-value crops, or sustainable harvest of herbal and 
medicinal plants can significantly complement livelihood 
options for the people of the HKH. In high-altitude areas of 
Bhutan, China, and Nepal the collection of rangeland 
products, mostly medicinal plants, has been an important 
source of household income in recent years. From 1999 to 
2007, the average annual contribution of income from yar- 
sagumba (cordyceps sinensis ) to agricultural-sector revenue 
in the Tibet Autonomous Region (TAR) of China was 
10.84% (Wang et al. 2012). 

The genetic resources of traditional crops—often referred 
to as neglected and underutilized food crops (NUFCs) and 
recently labeled as future smart food (FAO 2017) —are vital 
for sustainable agriculture (Eyzaguirre et al. 1999; Bhagmal 
2007; Padulosi et al. 2011). NUFCs not only play a funda¬ 
mental role in income generation (Mwangi and Kimathi 
2006; Adhikari et al. 2017) and nutrition and food security 
(Frison et al. 2006; Padulosi et al. 2011; Apeteri 2012; 
Adhikari et al. 2017), but also hold significant potential for 
climate-change adaptation (Jarvis et al. 2014). 

Some NUFCs are also of great medical importance. For 
instance, in remote mountain areas, jamun (syzygium cumini) 
is used to treat diabetes. Likewise, in Gilgit-Baltistan in 
Pakistan, local people have realized the importance of sea 
buckthorn for nutritional and medicinal purposes and have 
expanded the cultivation of this crop (Adhikari et al. 2017). 

Among many other traditional crops, millets have been 
cultivated successfully for millennia, indicating resilience to 
a variety of conditions and some intrinsic potential for 
continuous production (Apetrei 2012). Finger millet is a 
particularly rich source of calcium and iron (Singh and 
Raghuvanshi 2012). By introducing finger millet into the 
daily diet of mountain people, common problems in the 
HKH can be addressed, such as the disorders of bone and 
teeth caused by calcium deficiency and anaemia caused by 
iron deficiency. This highlights the importance of NUFCs— 
not only for food security but also for nutrition (see Chap. 9). 
With respect to seasonality, buckwheat is preferred in the 
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mountains for its fast rate of growth and its weed resistance 
(Sustainable Agriculture Research and Education n.d.; ICI- 
MOD and GRID Arendal 2014). 

NUFCs can make a significant contribution to sustainable 
nutrition security in the mountains if they are mainstreamed 
into agriculture, food, and nutrition-security policies and 
programmes and integrated into local food systems (Adhi- 
kari et al. 2017). While not yet a priority for governments in 
the HKH, the protection and promotion of traditional farm¬ 
ing practices and NUFCs (in situ and in vitro) present great 
opportunities to take advantage of mountain specificities, 
rather than unsuccessfully seeking to replicate the agricul¬ 
tural intensification approaches designed for the plains. 

12.1.2.2 Off-Farm Activities: Labour Migration 
and Agrarian Transition 

Most HKH countries tend to present mixed rural-urban 
livelihoods rather than those displaying pure rural or pure 
urban characteristics. A household may well be physically 
located in a rural area, but it’s likely that it relies on an 
assortment of livelihoods with urban, rural, and, often, 
transnational components. This fusion, known as desakota, 
is widespread in the HKH (The Desakota Team 2008). 
Young people migrate seasonally to adjoining towns seeking 
wage employment while maintaining ties with their homes. 
Fabour migration is integral to the portfolio of livelihoods 
that households rely on to deal with everyday struggles and 
to shield against various economic, environmental, and 
social risks (Hoermann et al. 2010; Karki 2012; Gioli et al. 
2014a; Banerjee et al. 2016). 

Circular labour migration at national, regional, and 
international scales is particularly widely practiced, mostly 
by young males who migrate for temporary periods (from 
months to decades) and send back remittances to their 
countries of origin (see Chap. 15). Given the lack of access 
to formal risk-mitigation mechanisms in the region, remit¬ 
tances can be described as a “household sponsored insurance 
system” (Yang and Choi 2007) and as a substitute for social 
security (Schrieder and Knerr 2000). Moreover, remittance 
inflows are untouched by perturbations at the local level and 
thereby constitute a vital channel of income during and after 
environmental and political crises (Monsutti 2008; Fe De 
et al. 2013). 

Fabour migration stimulates flow and exchange of not 
only financial resources but also ideas and capabilities (so¬ 
cial remittances), which influence and often challenge tra¬ 
ditional structures at home (IOM 2005). Migration generates 
financial and human capital, which, if leveraged for devel¬ 
opment, is a proven driver of poverty reduction. Social 
remittances can play a particularly important role in devel¬ 
opment (Hoermann et al. 2010). Three countries in the HKH 


receive more than 10% of their GDP from remittances: 
Bangladesh (11.6%), Afghanistan (16.3%), and Nepal 
(28.5%) (IFAD 2013). However, remittance economies and 
overreliance on labour migration are not a sustainable 
strategy for development. Fabour migration is also an 
extremely costly strategy, which comes at high financial 
costs (including permits and travel) and high human costs, 
especially when people migrate to areas where the rights of 
workers are not guaranteed, such as the Gulf States. 

With the exception of China, labour migration is a highly 
gendered phenomenon in the HKH, predominantly under¬ 
taken by young males. However, women’s labour migration 
is on the rise, with women constituting 13% of the migrant 
stock in Nepal (CBS 2014; Gioli et al. 2017). While men are 
absent, women and children take on household responsibil¬ 
ities, including both the productive and domestic roles in 
tending to livestock and agriculture fields, in addition to 
taking on work outside the home as labourers (Synnott 

2012) . The general increase in the workloads of women 
(resulting from migration and other factors) impinges upon 
their caregiving roles (Gioli et al. 2014a), exposing women 
and children to greater threat from water-borne disease 
(Halvorson 2002). In recounting gendered experiences of 
change in Baltistan, Azhar-Hewitt (2011) similarly observes 
the transformation of women’s workloads, noting that access 
to resources and liberties afforded to women in traditional 
societies are sometimes being denied based upon notions of 
religiosity and appropriate gender roles, imported in the 
course of labour migration (see Chap. 14). 

Stories of changing gender roles echo across the HKH. In 
Afghanistan, irrigation water management too becomes a 
domain with increasing female participation and the inter¬ 
section of poverty and gender render some women’s liveli¬ 
hoods exceptionally vulnerable on account of inability to 
pay for the petrol for the water pump or community sanction 
disallowing a woman her share of water (McCarthy and 
Mustafa 2014). 

In the hills of Nepal, most farming households were 
found willing to neglect farming altogether if alternative 
sources of income were available to them (Maharjan et al. 

2013) . Additionally, farmers preferred livestock to crops as a 
supplement to household income. The share of women in the 
agriculture sector in Nepal has been 12.6% higher than that 
of men, and the participation of women in the agricultural 
labour force increased from 36% in 1981 to 45% in 1991 to 
48% in 2001 (FAO 2010). 

The loss of agricultural workforce has also increased the 
phenomenon of land abandonment in the HKH. Farmers in 
southeastern Nepal are moving toward the non-farm sector 
due to low returns on investment (Adhikari and Hobley 
2012). This has further intensified migration leading to 
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de-intensification of agricultural lands, a trend that is 
beginning to emerge in other parts of the HKH as well. In 
Uttarakhand, India, 47% of respondents identified decreas¬ 
ing agricultural productivity as a major reason for migration 
(Hoermann et al. 2010; Tiwari and Joshi 2016; Mamgain 
2004). With men outmigrating in significant numbers, the 
bulk of the workload and responsibility falls upon women. 
Much discussion has taken place on the transformational 
potential of these shifting roles (see Chap. 14). For instance, 
a study in northern Pakistan showed that positive gender 
transformative processes are more likely to be intergenera- 
tional and driven by increased access to education for girls 
(Gioli et al. 2014a). 

12.1.2.3 Tourism 

Within the wider context of searching for livelihood diversi¬ 
fication options, some mountain communities have found 
opportunities in the recreation and tourism industries. The 
appeal of recreation in the mountains has long been recognized 
institutionally, for instance, through the designation of national 
parks. Tourism has played a significant role in transforming 
mountain communities around the world, by diversifying local 
economies, generating employment opportunities, and bring¬ 
ing development to these societies. As the sector builds on 
natural and cultural heritage values, it can bring the additional 
benefit of positively impacting conservation. 

Mountain specificities that are generally considered con¬ 
straints to development—including poor accessibility, fra¬ 
gility, and marginality—can be transformed into economic 
opportunities for tourism (Jodha 1992; Sharma 2000; Nepal 
and Chipeniuk 2005; Kruk 2010). Tourism intersects with 
and stimulates a wide range of other sectors in the supply 
chain, especially agriculture, infrastructure, communica¬ 
tions, construction, and handicrafts. Tourism also stimulates 
a new market for local produce, especially high-value crops. 
As a complementary livelihood option, the development of 
tourism will not only generate socioeconomic benefits for 
the region, but may also address wider social and socio¬ 
cultural concerns (Kruk 2010). Thus, the tourism industry is 
being strongly pursued and supported by the HKH govern¬ 
ments through their National Development Strategies. For 
example, in 2016 the Government of Nepal launched the 
National Tourism Strategy 2016-2025, which envisages a 
fivefold increase in tourist arrivals by 2025 and includes 
conservation of cultural heritage and a zero-carbon target as 
important development goals. 

Tourism is not a new phenomenon in the HKH (Karki 
et al. 2012). Several HKH countries have experienced and 
benefitted from tourism since the 1970s. Though some 
countries (such as Bhutan and China) have restricted access 
to tourists for various political reasons, and others (including 
Afghanistan, Pakistan, Bangladesh, and Nepal) have seen 
tourism diminish for periods of time due to political unrest 


and conflict, the region has generally experienced a strong 
increase in tourism over the past years. In the HKH coun¬ 
tries, 2 tourism has become the largest service sector, gener¬ 
ating much-needed foreign exchange earnings—currently 
contributing 2-4% of GDP—and generating 2.8-9.6% of 
total (direct and indirect) employment. The tourism industry 
also involves 0.9-8.3% of total investment in these countries. 
Globally, tourism is predicted to continue increasing steadily 
over the next 10 years, with major new markets on the rise, 
particularly in Asia (including locations in India and China). 
While international tourism is sizable and steadily increasing 
with economic growth in Asia, intraregional tourism markets 
represent the greatest opportunities for growth. Due to the 
growing middle class resulting from increasing wealth and 
better access to credit, regional markets are showing expo¬ 
nential growth. Political liberalization and border-crossing 
agreements between neighbouring countries (as with Bhutan 
and India) are also making regional travel easier. 

The revival and strengthening of cultural heritage is 
considered beneficial to tourism (Ganesh and Madhavi 2007 ; 
Isaac 2012). In the HKH, old hospitality traditions have been 
the basis for lodging and other tourist services (such as the 
concept of teahouses in Nepal), inspiring a special Hima¬ 
layan mountain-oriented accommodation sector (Odell and 
Lama 1998). 

Tapping the growth of the tourism market within a 
framework of sustainable development could be an elfective 
mechanism for both enhancing local livelihoods and con¬ 
serving heritage. However, many challenges remain in 
realizing such a vision, given the complex cultural, topo¬ 
graphical, and political HKH landscape. Therefore, tourism 
development in the HKH should be approached in a holistic 
and comprehensive manner to ensure long-term sustainable 
growth and the resilience of mountain people. Ecotourism, 
in particular, has the potential to drive sustainable tourism 
development while providing opportunities for the devel¬ 
opment of disadvantaged, marginalized, and rural areas, 
thereby alleviating poverty and stimulating economic 
development and social wellbeing (Isaac 2012). 

12.1.3 Social Protection Programmes 

Communal property remains an important safety net for 
mountain communities—particularly for the poorest among 
them. As even rural communities have become integrated 
with global economies, the rural/urban distinction has 
become functionally tenuous at best. As communal property 


2 Data based on available national statistics from 2010-12, excluding 
Afghanistan as tourism in this country is currently minimal (particularly 
domestic tourism) and limited information is available. 
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becomes less significant to the livelihoods of more fortunate 
community members, the strict rules governing use of these 
assets are eroding (Mustafa and Qazi 2007). The result is 
that communal land, forest, and rangeland resources are 
being encroached upon by private interests—to the exclu¬ 
sion of women, children, and poorer members of the com¬ 
munity who, lacking food security and social protection, are 
rendered further vulnerable to various environmental 
hazards. 

The breakdown of traditional risk-sharing mechanisms, 
along with population growth, urbanisation, and new risks 
like market volatility and climate change have triggered 
several formal social-protection initiatives, with social 
insurance, social assistance, and labour programmes 
becoming increasingly visible in the HKH’s public-policy 
domain (Wagle 2012). Although these programmes have 
provided immediate relief to families in need, they are hardly 
effective in developing the assets and market access neces¬ 
sary for long-term viability of smallholder farmers. There is 
a strong need to identify innovative, market-based, financial 
interventions that develop and improve household assets, 
agricultural entrepreneurial skills, and the resilience of vul¬ 
nerable communities facing climatic and non-climatic 
stressors across the HKH. 

Social capital is developed by community building 
achieved through relationships of trust, reciprocity, and 
exchange, creating links among community members while 
increasing their access to institutions and government (Fer¬ 
guson 2012). There are successful examples of development 
programmes that have leveraged community participation 
for sustainable use of resources and income-generation 
activities. For instance, focusing on targeted social assis¬ 
tance, Heifer International Nepal 3 has developed the concept 
of collective enterprise—values-based holistic community 
development—wherein group members are jointly engaged 
in sharing responsibility, effort, risk, and profit. 

It is important to recognize the significance of targeted 
social assistance to the poorest section of society. Nepal’s 
community forest user groups (CFUGs) have been mobi¬ 
lized for poverty-alleviation activities and have pioneered 
the recognition of community forestry as a pro-poor and 
pro-women programme (Nightingale 2011). There is 
increasing global recognition of cooperatives as self-help 
organizations capable of improving livelihoods and wellbe¬ 
ing (Ferguson 2012). Government, cooperatives, and the 
private sector have been identified as the three major 
stakeholders in national economic building in Nepal, where 
the majority of cooperative members are from poor and 
middle-class households (Bharadwaj 2012). 


3 http ://heifemepal.org/sites/default/files/AR 13_0 .pdf . 


12.1.4 From Livelihood Diversification 

to Poverty and Vulnerability Reduction 

Poverty, small holding size, and food insecurity are critical 
challenges in the HKH, and addressing them calls for a 
holistic approach. Diversification of farms with high-value 
crops—while adequately maintaining soil, forests, and other 
natural resources—is a crucial step in improving the liveli¬ 
hoods of mountain people. In recent years, cash crops such 
as fruits and vegetables have become prominent in mountain 
development as a means of improving livelihood options. 
Livestock, especially small ruminants, have been emerging 
as a source of cash income for a large number of HKH 
farmers. At the same time, urbanisation and demographic 
changes have introduced new geographic exposure to risk, 
while conversely providing new opportunities to mitigate 
risk through enhanced capacity building and skill trainings 
(Hoermann et al. 2010). 

The rigid structure of global markets has the potential to 
create circumstances of nested vulnerability (Eakin and 
Bojorquez-Tapia 2008), whereby shocks at the global scale 
cascade down to affect household and community liveli¬ 
hoods at the local level. There is a need for greater effort in 
identifying the interconnectedness of global and local pro¬ 
cesses in order to ensure that strategies for enhancing 
livelihood options in the HKH also increase the resilience of 
livelihood systems. 


12.2 Poverty in the HKH: How to Measure 
and Tackle It 

There are two distinct approaches to measuring human 
poverty. The first is economic poverty, which is understood 
as the inability to participate in society due to a lack of 
resources (Townsend 1979) and is usually measured by 
household income or consumption. Realizing the limits of 
such a narrow approach, more holistic ways to measure 
poverty have emerged over the years, such as multidimen¬ 
sional poverty measures, which is understood to be the 
failure of basic capabilities to reach certain minimally 
acceptable levels (Sen 1992) or as a denial of choices and 
opportunities for living a tolerable life (UNDP 1997). 

This chapter considers the multidimensional approach to 
be more relevant to policy, particularly in the mountain 
context, as it can more comprehensively capture the complex 
nature of poverty, thereby better indicating areas for inter¬ 
vention. However, due to data limitations, unidimensional 
poverty measures based on consumption are used in the first 
part of this discussion to compare poverty levels across 
countries and to analyse poverty trends over time. This is 
followed by a discussion of multidimensional poverty. 
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2004-2007 


2010-2012 


Fig. 12.3 Trend in poverty reduction during the first decade of the 
21st century, national standards (World Bank 2017; http://povertydata. 
worldbank.org/). Notes 1. The specific years considered for each 
country are as follows: Afghanistan: 2007, 2011; Bangladesh: 2005, 
2010; Bhutan: 2007, 2012; India: 2004, 2011; Myanmar: 2005, 2010; 


Nepal: 2010; Pakistan: 2004, 2011. 2. The figures for Myanmar have 
been taken from a UNDP study conducted for Myanmar using IHLCA 
(Integrated Household Living Condition Assessment) Survey. (Min¬ 
istry of National Planning and Economic Development, UNICEF, 
UNDP, and SIDA 2011: Poverty Profile 2009-2010) 


12.2.1 Mountain Poverty: Specificities 
and Challenges 

The characteristics of mountain areas that significantly shape 
development and human life are referred to as mountain 
specificities. Among these specificities, inaccessibility, fra¬ 
gility, and marginality 4 are recognized as constraints on 
development while diversity, biological niches, and adapta¬ 
tion mechanisms are viewed as development opportunities 
(Jodha 1997). These specificities, combined with the isolated 
nature of mountain economies, may lead to manifestations of 
poverty in the mountains that differ from those in the plains. 
Conventional economic measures of poverty, usually based 
on income or consumption, fail to capture the complexity of 
mountain poverty and its noneconomic correlates in these 
areas. Mountain specificities may hinder the conversion of 
resources such as income into actual wellbeing outcomes, 
including adequate nutrition and food security, education, 
and health (Sen 1999). Thereby, a distinct frame of analysis 
is needed to understand mountain poverty. 

The lack of recognition and understanding of the impli¬ 
cations of mountain specificities often leads to misconcep¬ 
tions about the socioeconomic conditions in mountain areas 
and to misdiagnosis of the sources of poverty (Papola 2002). 
As a result, the strategies and interventions designed for 


4 The mountain areas are marginal and share the attributes of marginal 
entities due to factors like remoteness and physical isolation, 
low-productivity resources, or man-made handicaps that prevent 
mountain areas’ participation in ‘mainstream’ patterns of activities 
(Jodha 1990a, b). 


development in mountain areas tend to be unsuitable and, 
thereby, ineffective. 

In the following discussion, we compare economic pov¬ 
erty levels and trends in HKH countries, contrast poverty 
levels in the mountain areas and the lowlands, and examine 
poverty incidence among indigenous peoples and the 
majority populations in China and India. 

12.2.2 Economic Poverty: Levels and Trends 
in the HKH 

Typically, countries have defined national standards for 
measuring poverty, most commonly a head-count ratio 
indicating the proportion of the population below a certain 
threshold of income or consumption. Such measures are 
commonly defined as a national poverty line. In addition, 
international agencies estimate international poverty lines, 
such as USD 1.25 or 1.90 per capita per day in purchasing 
power parity terms, leading to comparability of head count 
ratios across countries. 

Using the international poverty line of USD 1.25 per 
capita per day, 5 Fig. 12.3 shows income poverty levels in 
the HKH countries for two time periods—the mid-2000s and 
2010-12. Two observations can be made based on these 
data. First, the incidence of economic poverty at the national 


5 The international income poverty line has now been revised to USD 
1.90 per capita per day. However, due to data unavailability, we are 
using the old poverty line (USD 1.25 per capita per day). 
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Table 12.2 Poverty profile of HKH countries (Hunzai et al. 2011) 


Country and year of data 

Total population (millions) 

Population below 
poverty line (millions) 

Population below 
poverty line (%) 


Countrywide 21 

HKH areas' 3 

Countrywide 6 

HKH areas 6 

Countrywide 

HKH areas 

Afghanistan 2010 

24.5 

15.1 

8.0 

6.3 

33.0 

42.0 

Bangladesh^ 2009 

162.0 

1.33 

59.9 

0.6 

37.0 

46.0 

Bhutan 6 2009 

0.69 

0.69 

0.19 

0.19 

23.0 

23.0 

China 2009 

1,331 

29.4 

220 

NA 

16.6 

NA 

India 2009 

1,155 

72.3 

415 

24.0 

36.0 

34.0 

Myanmar 2009 

49.8 

11.0 

15.9 

NA 

32.0 

NA 

Nepal 2009 

29.3 

11.8 

9.0 

4.7 

31.0 

40.0 

Pakistan 2009 

169.7 

39.3 

42.4 

12.5 

25.0 

32.0 

HKH total/average 

2,921 

181 

771 

61 f 

26.0 

31.0 s 


NA = not available 

a Total population from World Bank 2009 except for Afghanistan, which is from the Central Statistics Organization of Afghanistan 

b For updated HKH population see Chap. 1, Box 1.1. This Table has to use the 2009 population figures, as updated information on population 

below the poverty line in the HKH is not available after 2009 

c Figures for population below poverty line from ICIMOD analysis based on NLSS 2003/04, BLSS 2007, NSS 2003, PSLM 2005/06, HIES 
2005/06, and NRVA 2007/08 except for China and Myanmar, which are based on secondary sources 

d The population of Bangladesh (162 million in 2007) is overestimated, as according to the Bangladesh Bureau of Statistics, the population reached 
149.77 million in 2011 

e Bhutan lies entirely within the HKH, thus the countrywide and the HKH area figures are the same 

f Accurate figures were not available for China and Myanmar; figures were estimated using the same value for the proportion of population below 
the poverty line as for each country overall, this is likely to be underestimated 
g Average of those known and excluding China and Myanmar 


level varies widely among the HKH countries. Second, 
poverty levels are declining over time in all countries, with 
Pakistan, India, and Bhutan experiencing more rapid decline 
than the other countries. 


12.2.3 Mountains Versus Plains: Implications 
for Poverty 

Table 12.2 summarizes the poverty profile of HKH countries 
and their mountain areas, with figures showing population and 
the percentage of population identified as living below the 
national poverty line (Hunzai et al. 2011). The data presented 
in the table are based on broad assumptions, as the method¬ 
ologies used to estimate poverty vary by country, and data on 
population and the percentage of population living below the 
poverty line were extracted from various sources referring to 
different years and, thus, not strictly comparable. Neverthe¬ 
less, they are sufficiently similar to allow for a broad overview. 

In 2009, approximately 2.9 billion people were living in 
the eight countries of the HKH, of which an estimated 771 
million were living below the national poverty line; about 
200 million people were living within HKH regions of these 
countries, of which some 61 million were classified as poor. 
On average, 31% of the HKH population (excluding China 
and Myanmar) was below the poverty line, compared with 
26% of the total population of these countries. 


Among the HKH countries, Bangladesh had the highest 
incidence of poverty in the mountain areas (46%), followed 
by Afghanistan (42%), Nepal (40%), India (34%), Pakistan 
(32%), and Bhutan (23%). In all countries except India, 
poverty rates were higher in the HKH areas than in the 
country as a whole. In absolute numbers, the Indian Hima¬ 
layan region had the highest population of poor people in the 
mountain areas (24 million), followed by Pakistan (12.5 
million), Afghanistan (11.3 million), Nepal (4.7 million), 
Bangladesh (0.6 million), and Bhutan (0.19 million). 

In general, there is a dearth of data on poverty levels and 
trends in the mountain areas of HKH countries. 
Gender-disaggregated data are particularly lacking. In the 
following paragraphs, we compare the incidence of poverty 
in mountain and non-mountain areas in China, Bangladesh, 
India, and Nepal with figures based on secondary data. 

About 19% of China’s population lives in mountain 
areas. The incidence of income poverty (measured by the 
World Bank poverty line of USD 1 per day per capita) in 
these areas is about twice as high as in non-mountain areas 
(World Bank 2009) (Table 12.3). Similarly, consumption 
poverty is three times as high in mountain areas as in 
non-mountain areas. In Bangladesh, more than 61% of 
households are very poor (those without sufficient monthly 
income to meet food requirements) in the hilly region of 
Chittagong Hill Tracts compared with 47% of the house¬ 
holds in the valley (ADB 2012) (Table 12.4). 
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Table 12.3 Poverty incidence in mountainous and non-mountainous regions of China in 2003 (World Bank 2009) 


Region 

Share of national 
population (%) 

World Bank poverty line 

Income 

Consumption 

% who are poor 

Share of national 
population of poor (%) 

% who are poor 

Share of national 
population of poor (%) 

Mountainous 

18.5 

18.8 

50.2 

27.9 

39.4 

Non-mountainous 

54.0 

6.3 

49.0 

14.5 

59.9 


Table 12.4 Poverty incidence by location in Chittagong Hill Tracts, Bangladesh (ADB 2012) 


Economic status 

Hill 

Valley 

Total 


Households 

% 

Households 

% 

Households 

% 

Very poor 

1,619 

61.3 

1,595 

47.0 

3,214 

53.2 

Poor 

777 

29.4 

1,476 

43.4 

2,253 

37.3 

Better-off 

245 

9.3 

328 

9.6 

573 

9.5 

Total 

2,641 

100 

3,399 

100 

6,040 

100 


Table 12.5 Poverty incidence in hill states of India for several years 
between 1973 and 2012 (Saxena 2016) 


State 

Percentage of population below poverty line 


1973-74 

1993-94 

2004-05 

2011-12 

Arunachal Pradesh 

51.93 

39.35 

31.10 

34.67 

Assam 

51.21 

40.86 

34.40 

31.98 

Himachal Pradesh 

26.38 

28.44 

22.90 

8.06 

Jammu and Kashmir 

40.83 

25.17 

13.20 

10.35 

Manipur 

49.96 

33.78 

38.00 

36.89 

Meghalaya 

50.2 

37.92 

16.10 

11.87 

Mizoram 

50.3 

25.66 

15.30 

20.40 

Nagaland 

50.8 

37.92 

9.00 

18.88 

Sikkim 

50.8 

41.43 

31.10 

8.19 

Tripura 

51.0 

39.01 

40.60 

14.05 

Uttarakhand 

NA 

NA 

32.70 

11.26 

India 

54.88 

35.97 

37.20 

21.8 


NA = not available 


In India, the picture is different. In 2011-12, the per¬ 
centage of mountain people living below the poverty line 
was higher than the national average in only three of the 
country’s 11 hill states (Table 12.5). Although several hill 
states in India have poverty rates lower than the national 
average, hill districts generally face significant development 
deficits compared with the districts in the plains. 

A recent study (Dasgupta et al. 2014) attempted to 
measure the disparity among these 11 hill states and the six 
other states primarily classified as plains. Using data for the 
period 2010-11, this study measured five indicator cate¬ 
gories: education, health, economics, infrastructure, and 
basic amenities. Results indicate that, overall, the states with 


Table 12.6 Poverty incidence in Nepal by region 2010-11 (CBS 
2011 ) 


Region 

Poverty rate (%) 

Poverty gap (%) 

Mountains 

42.27 

10.14 

Hills 

24.32 

5.69 

Terai (plains) 

23.44 

4.52 

Nepal 

25.16 

5.13 


a greater proportion of hilly terrain (more than 75% of the 
state’s total area) fare worse than states with a greater pro¬ 
portion lying within the plains. The highest adverse rankings 
were observed among the hill states, with the exception of 
Himachal Pradesh, which scored well. 

In India, the hill states also suffer from several challenges 
that are specific to these states. For example, Nagaland, 
Arunachal Pradesh, Mizoram, Meghalaya, hill areas of 
Manipur, and some tribal tracts of Assam have no system of 
written land records or of land revenue payments. The 
absence of land records has increased tenure insecurity for 
the poor due to the growing concentration of land ownership 
in the hands of a few, resulting in rising rates of tenancy and 
landlessness, as well as declining output from shifting cul¬ 
tivation. The open-access structural conditions of land cul¬ 
tivation and the fact that the elite are able to comer most 
government funds have intensified poverty and inequality in 
these states. The absence of clear property rights has been 
recognized as a significant cause of degradation of natural 
resources in hill states. 

In Nepal, poverty incidence in mountain areas (42%) is 
significantly higher than the national average (25%), the 
midhills (24%), and the terai (plains) (23%) (see 
Table 12.6). The poverty gap index is also higher in 
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Table 12.7 Poverty incidence in China by ethnic minority categories in 2003 (World Bank 2009) 


Region 

Share of population (%) 

World Bank poverty line 



Income 

Consumption 



% who are poor 

Share of poor (%) 

% who are poor 

Share of poor (%) 

Ethnic minority 

7.7 

24.1 

26.9 

36.6 

21.6 

Non-ethnic minority 

64.8 

7.7 

72.3 

15.7 

77.7 


mountain areas than in the plains and midhills. The poverty 
gap index measures the severity of poverty by considering 
how far, on average, the poor are from poverty line. This 
figure can be interpreted as the average income shortfall 
from the poverty line. 

12.2.4 Poverty Rates Among Indigenous 
Peoples in the HKH 

The HKH is home to millions of indigenous peoples who are 
among the region’s poorest and are politically and socially 
marginalised. They are variously known in different countries 
as ethnic minorities, minority populations, and tribal groups. 
The terms refer to social groups with a cultural identity dis¬ 
tinct from the dominant groups, which makes them vulner¬ 
able to disadvantage in the development process (IFAD 
2002). Table 12.7 presents poverty rates among indigenous 
peoples and the overall national populations in China. 

In China, ethnic minorities are overwhelmingly concen¬ 
trated in mountainous areas and are significantly poorer than 
the Han majority—their consumption poverty level is more 
than twice as high and their income poverty rate is three times 
as high as that of Han communities (World Bank 2009). In 
rural areas, ethnic minorities have less access to wage 
employment and earn less when they engage in wage 
employment (Hannum and Wang 2012). Enrolment rates 
among school-aged children are lower among minority pop¬ 
ulations than among Han populations. Also, minority areas 
have less developed healthcare infrastructure and less access 
to safety nets such as unemployment and pension insurance. 
Therefore, it is important that poverty reduction efforts com¬ 
plement programmes to improve physical and social infras¬ 
tructure in the remote areas inhabited by ethnic minorities. 

12.2.5 Existing Multidimensional Poverty 
Measures 

Stemming from the pioneering work of Amartya Sen, in the 
1980s an increasing number of scholars disputed the idea 
that command over monetary resources could provide an 
adequate informational basis to evaluate human wellbeing, 
arguing that a broader lens was needed in assessing poverty. 


The UNDP’s human development index (HDI) (UNDP 
1990) and human poverty index (HPI) (Anand and Sen 
1998; UNDP 1998) were the first attempts to formalize the 
inclusion of non-income components in respectively defin¬ 
ing global development and poverty through the inclusion of 
education and health in the assessment. Subsequently, the 
multidimensional poverty index (MPI) (Alkire and Santos 
2010; UNDP 2010) was developed to assess multiple 
deprivations in education, health, and the standard of living. 

The MPI aggregates household-level data on 10 indica¬ 
tors: years of schooling, child enrolment, child mortality, 
nutrition, access to and type of electricity, drinking water, 
sanitation, type of flooring, cooking fuel, and assets. 
The MPI is derived as the product of the number of people 
living in multidimensional poverty and the average intensity 
of deprivation as measured by indicators (Alkire and Santos 
2010 ). 

Hence, the MPI presents the percentage of population 
living in multidimensional poverty adjusted by the intensity 
of the deprivation. The detailed methodology and global 
estimates are available elsewhere (Alkire and Foster 2011; 
Alkire et al. 2015). The use of data from household surveys 
allows for disaggregation at the subnational level to high¬ 
light poverty patterns in terms of geography or household 
characteristics. Furthermore, the MPI can be deconstructed 
by dimension, allowing for identification of the main aspect 
of deprivation in a given population. 

Table 12.8 presents the multidimensional poverty head 
count ratio, the average intensity of poverty, and the multi¬ 
dimensional poverty index in eight HKH countries. Data 
were drawn from the 2015 Human Development Report 
(UNDP 2015), except for Myanmar, for which figures have 
been estimated using the Poverty and Vulnerability 
Assessment Survey 2013 (Gerlitz et al. 2014). The estimates 
are compared with the human development index and rank 
for 2013. 

Table 12.8 illustrates three key contributors to multidi¬ 
mensional poverty. As per the case of income poverty, the 
estimates are not strictly comparable due to dissimilarity of 
indicators used, varying data sources, geographical coverage 
within countries, and varying time period. However, all the 
estimates are based on the Alkire and Foster methodology 
and provide a broader prospective of multidimensional 
poverty. 
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Table 12.8 Multidimensional poverty indices in HIMAP countries 


Country 

Year and data 

source 

Multidimensional 
poverty (%) 

Intensity 

of 

deprivation 

Multidimensional 
poverty index 

Contribution of deprivation to 
multidimensional poverty 

2014 HDI 

value 

(rank) 

Education 

(%) 

Health 

(%) 

Living 

standard 

(%) 

Afghanistan 

2010-11, MICS 

58.8 

49.9 

0.353 

45.6 

19.2 

35.2 

0.465 (171) 

Bangladesh 

2011, DHS 

49.5 

47.8 

0.237 

28.4 

26.6 

44.9 

0.570 (142) 

Bhutan 

2010, MICS 

29.4 

43.5 

0.128 

33.1 

24.8 

42.1 

0.605 (132) 

China 

2012, NS 

5.2 

43.3 

0.023 

30.0 

36.6 

33.4 

0.727 (90) 

India 

2005-06, DHS 

55.3 

51.1 

0.282 

22.7 

32.5 

44.8 

0.609 (130) 

Nepal 

2011, DHS 

41.4 

47.4 

0.197 

27.3 

28.2 

44.5 

0.549 (145) 

Pakistan 

2012, DHS 

45.6 

52.0 

0.237 

36.2 

32.3 

31.6 

0.538 (147) 

Myanmar (Shan and 
Chin states only) 

2013, PVA 

53.5 

39.3 

0.21 

29.0 

19.5 

42.8 

0.536 a 

(148) 


Source Human Development Report 2015; PVA: Poverty and Vulnerability Assessment Survey 2013 

Notes MICS: multiple indicator cluster survey; DHS: Demographic and Health Survey; NS: national surveys (only nine provinces) 
a For the entire country 


The extent of multidimensional poverty varied from 5% 
in China to 59% in Afghanistan. In all countries except 
China and Bhutan, the multidimensional poverty rate was 
well above 40%. Though the extent of multidimensional 
poverty varied widely across countries, the average intensity 
of poverty was fairly consistent, ranging from 43% in both 
Bhutan and China to 52% in Pakistan. The multidimensional 
poverty index was lowest in China (0.02) followed by 
Bhutan (0.13), and it was highest in Afghanistan (0.35) 
followed by India (0.28). The comparison of MPI with HDI 
revealed that the ranking of HDI and MPI are not necessarily 
similar. Though India ranked second in HDI among eight 
countries, it ranked seventh in MPI. 

Given its global focus, the MPI inevitably loses 
context-specificity. This issue is particularly salient in the 
context of mountain areas due to the unique nature of 
mountain poverty and its variation across countries in the 
HKH. Country-level estimates may mask significant 
inequalities between mountainous and non-mountainous 
regions—as well as inequalities among mountainous areas. 
While the availability of different, country-specific estimates 
of multidimensional poverty are increasingly available for 
developing countries, including some within the HKH 
(Alkire and Seth 2013 for India; Roche and Santos 2013 for 
Bangladesh; Santos 2013 for Bhutan; Trani and Bakshhi 
2013 for Afghanistan; Mitra 2014 for Nepal; OPHI 2016 for 
Pakistan), thus far only one study (of Nepal) has addressed 
the complexity of capturing multidimensional poverty in 
mountainous regions (Gerlitz et al. 2015a). Box 12.2 pre¬ 
sents an example of disparities within a given country, in the 
context of two provinces in Myanmar. A further gap in the 
evidence base relates to the decomposition of deprivations 
within the household based on, for instance, gender and age. 


Box 12.2 Multidimensional poverty in Shan and 
Chin States of Myanmar 

In Myanmar, the states of Shan and Chin are of par¬ 
ticular interest, as they are largely mountainous and 
poorly accessible. Shan accounts for 11% of Myan¬ 
mar’s population, while Chin accounts for about 1%. 
In 2011, the national poverty rate in Myanmar was 
26% while the poverty rate was 33% in Shan and 73% 
in Chin (UNDP 2011). 

Using ICIMOD’s Poverty and Vulnerability 
Assessment survey data, Mohanty et al. (2018), esti¬ 
mated the extent of multidimensional poverty in Shan 
and Chin, measuring education, health, standard of 
living, energy, water, sanitation, and access to services 
through 12 indicators. The aggregation of these mea¬ 
surements was based on MPI methodology. Fig¬ 
ure 12.4 presents the comparison of consumption 
poverty and multidimensional poverty in Shan and 
Chin. The multidimensional head-count ratio and 
index value were, respectively, 49% and 0.21 in Shan 
and 75% and 0.32 in Chin. The composition of pov¬ 
erty differed in the two provinces, with education and 
health contributing one-third to multidimensional 
poverty in Shan and Chin, respectively. The estimated 
populations of multidimensional poor and consump¬ 
tion poor were consistent in the case of Chin, but in 
Shan the multidimensional estimate indicated a much 
larger poor population than the consumption-based 
measure, with 28% of the state population considered 
poor by multidimensional assessment though not 
considered poor in terms of consumption alone. 
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Percentage multidimensional poor (H) 

■I Percentage consumption poor 

Fig. 12.4 Percentage of multidimensional poor and consumption poor 
in Shan and Chin in 2013 (,Source based on data presented in Table 3 in 
Mohanty et al. 2018) 

12.2.6 Determinants of Poverty in the HKH 

While poverty is generally associated with social status 
(class, caste, ethnicity), education, employment status, and 
occupation, human wellbeing in mountain areas is also 
inextricably linked to the so-called mountain specificities, 
conditions including inaccessibility, fragility, marginality, 
diversity, biological niches, and human adaptation mecha¬ 
nisms (Jodha 1992; Hunzai et al. 2011). Factors that predict 
poverty and its persistence can be broadly summarized by 
the following categories (Hunzai et al. 2011; Gerlitz et al. 
2012; Gerlitz et al. 2014; See Box 12.3): 

• Remoteness and poor accessibility to basic facilities and 
markets 

• Access to and dependence on natural resources 

• Demographic factors 

• Cultural and social factors 

• Lack of empowerment. 

In the HKH, mountains provide ecosystem services on 
which many communities are directly or indirectly depen¬ 
dent. Notably, the most obvious dependence is seen among 
the rural poor who are often dependent on natural resources 
to meet their requirements for food, fodder, shelter, and 
energy. The rural mountain poor include pastoralists, her¬ 
ders, small farmers, and forest dwellers. The cultural and 
recreational services provided by the surrounding environ¬ 
ment also constitute a fundamental aspect of mountain life 
and culture. Indirect regulating services ensuring hydrolog¬ 
ical services, soil fertility, protection from erosion, micro¬ 
climatic stabilization, pollination, and the conservation of 
biodiversity are also important—not only for those in the 


immediate area but also for those who are located in rela¬ 
tively distant or downstream areas. 

Box 12.3 The multidimensional poverty measure 
for the Hindu Kush Himalaya: the case of Nepal 

The Multidimensional Poverty Measure for the Hindu 
Kush Himalaya (MPM-HKH) was specifically 
designed to identify and describe multidimensional 
poverty in a region that is predominantly rural and 
mountainous—and covers several of the world’s least 
developed countries (Gerlitz et al. 2015a). It incorpo¬ 
rates 16 indicators that capture deprivations in seven 
dimensions identified through literature review (Gerl¬ 
itz et al. 2014), data analysis (Hunzai et al. 2011; 
Gerlitz et al. 2012), and consultation with experts. 
These dimensions are: education, health, material 
wellbeing, energy, water and sanitation, social capital, 
and access to services. They are aggregated using MPI 
methodology. 

The MPM was applied to 23 districts of Nepal, 
which showed wide variation in the magnitude and 
composition of multidimensional poverty. The poverty 
status in the mountains and hills was highly hetero¬ 
geneous, showing some of the poorest as well as the 
best-off districts (see Fig. 12.5), which might be 
explained by the fact that some mountain and hill areas 
are very remote, while others are well connected or 
hotspots of tourism. The findings also revealed com¬ 
mon patterns in the profile of mountain poverty, such 
as the frequency with which lack of access to services 
is the dominant dimension of poverty in mountainous 
areas (see Fig. 12.6). 

The study illustrates the importance of 
location-specific data in the development of effective 
poverty reduction strategies. Blanket, country-level 
approaches are likely to miss crucial local manifesta¬ 
tions of poverty and, thus, are likely to be less 
effective. 

According to poverty reports from the HKH countries, 
households that mainly depend on agriculture face higher 
risks of falling below the poverty line than households with 
additional income sources. Due to insufficient agricultural 
land, changes in agricultural productivity, small and frag¬ 
mented landholdings, lack of irrigation, lack of mechaniza¬ 
tion, barriers to market participation, and falling commodity 
prices, the mountain areas constitute a challenging envi¬ 
ronment for agriculture (Tulachan 2001; Goodall 2004; 
Ediger and Huafang 2006). Several studies have mapped the 
nature and extent of dependence on natural resources among 
the region’s most deprived populations (Shah 2009). 
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Fig. 12.5 MPM-HKH index 
value, headcount, and intensity by 
district (Geriitz et al. 2015a, 
p. 283) 
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Fig. 12.6 MPM-HKH relative 
contribution of poverty 
dimensions by district (Gerlitz 
et al. 2015a, p. 284) 
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However, evidence from the region does not conclusively 
establish how such dependence might be disrupted by 
human interventions or changes in natural circumstances. 
Equally debated is the issue of whether the poor’s sustained 
dependence on natural resources works against conservation 
of natural resources in South Asia, particularly in light of 
climate change or natural hazards. 

Household demographic characteristics, such as adverse 
dependency ratios (particularly in the presence of migration) 
(Kaspar 2005; Hoermann et al. 2010; Banerjee et al. 2011; 
Gerlitz et al. 2012), and cultural norms that limit access by 
women, minority groups, and lower castes to resources and 
basic services have been identified as key predictors of 
poverty and deprivations (de Haan 1999; Bird et al. 2002). 
A potential, although understudied, determining factor of 
poverty is the lack of empowerment within remote mountain 
communities and the district government’s lack of 
accountability to them. 

Infrastructure has significant effects on economic well¬ 
being (Ali and Pernia 2003). In regions such as the HKH, the 


availability of public infrastructure is limited by geographi¬ 
cal conditions (Escobal and Torero 2005), which also limit 
the spread of economic activity through the region. For 
instance, examining the role of geography in regional 
inequality, welfare, and development, Kanbur and Venables 
(2005a) found a strong correlation between geography and 
development. Huge welfare disparities and a high concen¬ 
tration of very poor people exist across the most geograph¬ 
ically adverse regions. In summarizing findings from studies 
in 26 countries, Kanbur and Venables (2005b) found public 
infrastructure to be a key explanatory factor underlying the 
level and trend of spatial inequality in a country. 

Inaccessibility permeates all of the HKH countries and 
contributes to the poverty levels observed across economies 
(Hunzai et al. 2011; Gerlitz et al. 2012). Several studies have 
noted the impact of remoteness, which often results in poor 
connectivity in terms of transport and roads, limiting access 
to markets and to locations with alternate means of 
employment, better healthcare, and education facilities. Due 
to elevation alone, mountain areas can face development 
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costs that are two to three times higher than in the plains 
(Dasgupta et al. 2014). Poverty in mountain areas results not 
only from poor resource endowments of individual house¬ 
holds but also from the severe constraints of unfavourable 
geographical situations. As a result, poverty usually affects 
the entire population of a mountain area while it only affects 
some households in a lowland area. Although there is some 
variation in income among households and groups in 
mountain areas, it is less distinct than in the plains. This 
unique characteristic has been recognized in China’s poverty 
reduction approach, which targets poor areas rather than 
poor people in development programmes. 

Due to the unique terrain and climate conditions in 
mountain areas, people require a higher caloric intake, 
warmer clothing, and permanent shelter to protect them¬ 
selves from extreme weather, as compared to people in the 
plains. Standardized national poverty lines may not capture 
these specific needs, leading to failure in identifying many 
mountain people as poor and in need of additional resources 
to obtain the same degree of wellbeing (such as being 
well-nourished or having decent shelter). With greater 
requirements for food, clothing, and shelter in mountain 
areas (and the higher cost of goods in these areas), the 
deficiency in meeting requirements for basic wellbeing—and 
the incidence of poverty—would understandably be greater. 

In most cases, mountain areas also suffer from political, 
social, and economic marginalization due to their remote 
location, low population, and indigenous cultures. As a 
result, mountain peoples are seldom involved in national 
political and policy-making processes. This results in a lack 
of representation in the national agenda, leading to a sense of 
exclusion and lack of empowerment among these mountain 
populations, which adds a psychological dimension to their 
poverty (Blaikie and Sadeque 2000). People in mountain 
areas (particularly women) face severe strain in securing 
basic necessities, such as water, fuelwood, and fodder for 
livestock. Furthermore, many agricultural operations must 
be carried out manually due to the difficult terrain. The 
resulting hazards, physical strain, and drudgery, which are 
specific to mountain poverty, are not reflected in the com¬ 
monly used indicators. 

In mountain areas, livelihoods are highly vulnerable due 
to the limited resource base, fragility of resources and 
environment, and lack of transport due to difficult terrain. 
The high incidence of natural hazards often damages the 
means of livelihoods such as agricultural lands, irrigation 
channels, and crops, as well as houses, transport, and com¬ 
munication facilities. As a result, the maintenance of liveli¬ 
hoods is highly precarious and the risk of people falling into 
poverty is much higher than in the lowlands. 

There are cultural norms among ethnic minorities in 
mountain areas that may disfavour particular groups (such as 
women and indigenous peoples). However, among some 


ethnic minorities that are matrilineal, women tend to have 
greater access to resources than men. For example, among 
the matrilineal Khasi tribe in Meghalaya, India, women have 
greater access to land and property than men. 

Table 12.9 presents the findings from Hunzai et al. 
(2011) and Gerlitz et al. (2012), who studied selected 
potential drivers of income poverty, using national-level data 
disaggregated by mountain and non-mountain areas in 
Afghanistan, Bangladesh, Bhutan, India, Nepal, and Pak¬ 
istan. The table highlights remoteness, lack of access to 
services, and lack of education as key drivers of poverty in 
mountain regions, but it also shows that mountain regions 
are not always at a disadvantage in comparison to the plains. 
These findings also show a lot of variation in the selected 
indicators—across and within countries (such as India)— 
which calls for context-specific analysis and policies. This 
table also shows that surveys and databases are far from 
harmonized; information on key potential drivers of poverty 
(such as dependence on natural resources, social status, or 
empowerment) is lacking, or can be strengthened. Finally, it 
shows there is a need for longitudinal data and constant 
monitoring to shed light on poverty in the HKH, allowing 
for better understanding of such dynamics as the duration of 
poverty spells and the causes of transitions in and out of 
poverty. 


12.3 Social Vulnerability in a Changing 
Climate: Why It Matters in the HKH 

Mountain livelihoods are highly vulnerable to the impacts of 
climate and environmental change. Vulnerability—while 
explained in different ways—generally refers to the extent to 
which socio-ecological systems are susceptible to and able to 
cope with the pressures and shocks of climate change 
(Fussel and Klein 2006). From a hazards perspective (see 
Chap. 11), vulnerability is the susceptibility of an individual 
or a group to suffer damage from environmental extremes 
and from a relative inability to recover from that damage 
(Mustafa et al. 2011). While the biophysical impacts of 
climate change have received considerable policy attention, 
the political, economic, and social impacts are relatively 
underexplored, yet very important (Adger 2006). 

Vulnerability is embedded in everyday power dynamics; 
thus, its exposure and intensity varies according to political 
economy, social capital (Pelling and High 2005; Turner 
2016), gender (Sultana 2014; Morchain et al. 2015), and 
ethnicity (Bolin 2007), among other factors. Adger and 
Kelly (1999) link collective social vulnerability with a lack 
of institutional and market structures, such as infrastructure, 
insurance, and social security. An individual’s social vul¬ 
nerability is linked to social status, access to resources, and a 
diversity of livelihood strategies (Adger and Kelly 1999). 
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This chapter utilizes Cutter’s (1996) integrative concept 
of ‘vulnerability of place’, which looks at the aggregate of 
biophysical risk and socioeconomic factors within a geo¬ 
graphical area to determine vulnerability. Thus, vulnerability 
is a function of external factors (such as exposure to envi¬ 
ronmental shocks and stresses) as well as internal factors 
(such as sensitivity to change and adaptive capacity). 
Importantly, this understanding posits vulnerability to cli¬ 
mate change as dynamic, varying according to economic, 
social, geographic, demographic, cultural, institutional, 
governmental, and environmental factors (IPCC 2012). 

12.3.1 How to Measure Vulnerability 

To understand the nature of vulnerability to climate change 
as it impacts local livelihoods, a number of efforts have been 
made to measure vulnerability. While early vulnerability 
measures were primarily scientific biophysical assessments 
of climate change impacts, these measures evolved into 
more integrated, policy-driven vulnerability assessments that 
take political, economic, and social drivers into account. 
This discussion will first review qualitative vulnerability 
assessments before moving on to quantitative assessments, 
such the Climate Vulnerability Index (CVI) and the multi¬ 
dimensional livelihood vulnerability index (ML VI), 
emphasizing work done in mountain areas. 

There are several methods of vulnerability and capacity 
analysis that have been used by international organizations 
in post-disaster and climate change planning. The Climate 
Vulnerability and Capacity Analysis (CVCA) is useful as it 
prioritizes local knowledge on climate change and adaption 
strategies in the data gathering and analysis process, 


integrating community knowledge and scientific data to 
better understand local impacts of climate change. 
The CVCA tools facilitate a participatory process for 
multi-stakeholder analysis and collaborative learning to 
qualitatively address the underlying causes of vulnerability 
(Daze et al. 2009). 

The Participatory Climate Risk Vulnerability and 
Capacity Assessment (PCR-VCA) is another useful 
methodology, as it incorporates an assessment of hazards 
within the community when evaluating its overall risk con¬ 
text, its livelihood assets base, and the enabling environment 
(Regmi et al. 2010). ICIMOD’s Community-Based Climate 
Vulnerability and Capacity Assessments in Mountain Areas 
provides the most relevant analytical framework for under¬ 
standing vulnerability in the HKH, as it takes mountain 
specificities into account. 

The framework documented in Fig. 12.7 addresses the 
impacts of climate change variability and non-climatic fac¬ 
tors (environmental, economic, social, demographic, tech¬ 
nological, and political) and the extent to which these may 
have adverse or beneficial impacts on a community’s 
exposure, sensitivity, and adaptive capacity (Macchi 2011). 
This model takes into account an individual’s, household’s, 
or community’s inherent capacity to adapt to climate change 
impacts (Fiissel and Klein 2006). While adaptive capacity 
refers to the potential to adjust (see Chap. 13), adaptation is 
the action of adjustment, which in the context of mountain 
areas is often a survival practice or a coping strategy 
(Macchi and Gurung 2015). The Vulnerability and Capacity 
Assessment (VCA) approach documented above combines a 
conceptual assessment of vulnerability with the Sustainable 
Livelihoods Approach (SLA), as shown in Fig. 12.8. 
The SLA is helpful in understanding vulnerability, as 


Fig. 12.7 Conceptual 
framework for vulnerability 
(Macchi 2011, adapted from 
Fiissel and Klein 2006) 
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Fig. 12.8 Sustainable 
livelihoods approach (Macchi 
2011, adapted from DFID 1999) 
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livelihood assets and capabilities are key determinants of a 
community’s capacity to adapt to climate and socioeconomic 
change (Macchi 2011). 

By understanding communities’ natural livelihood assets 
and capacities, it is possible to develop livelihood policies, 
strategies, and institutions to improve community resilience 
while fostering livelihood diversification, increased wellbe¬ 
ing, reduced vulnerability, improved food security, and more 
sustainable use of the natural resource base (Macchi 201 1). In 
Macchi’s (2011) VC A, data was collected at community and 
household levels through participatory rural appraisal, 
household interviews, and focus group discussions. Attention 
to gender and marginalized social groups (such as minorities 
and indigenous peoples) is central to the process, as these 
groups generally have a weaker livelihood assets base. 

Mountain communities have long histories of adapting to 
extreme environmental conditions and usually base their 
adaptive strategies on their livelihood assets, particularly 
their human, social, and natural capital. However, these 
communities often lack access to financial and physical 
capital due to their marginalization, isolation, and the fra¬ 
gility of the ecosystems they inhabit, all of which hamper 
their capacity to adapt (Macchi 2011). 

In Uttarakhand, India, the VC A showed that communities 
already perceived a decrease in rainfall, unpredictable onset 
of the monsoon, longer dry spells with drought-like condi¬ 
tions, higher temperatures linked with decreased water 
availability, and warmer winters with less snowfall. These 
factors have impacted livelihood systems by causing a 
decline in agricultural productivity, drier streams, less pro¬ 
ductive lands, and increased incidence of pests and disease. 
While communities are actively adapting by replacing crops 
and shifting to smaller livestock, there is future risk of 
increased insecurity in food and livelihood (Macchi 2011). 
In a later study conducted in 20 villages in northwest India 


and across Nepal, Macchi and Gurung (2015) found that 
many of these coping strategies and adaption mechanisms 
would not be sustainable in the face of future climate change 
and were restricted to social groups with appropriate assets. 
Social markers at the intersection of class, caste, gender, and 
ethnicity were found to be key factors in determining 
vulnerability. 

12.3.2 Linking Poverty and Vulnerability: 

Quantitative Vulnerability Assessments 

Much of the literature on vulnerability is case-based and 
discussed in narrative form, as there are many challenges in 
developing standardized measures of vulnerability across 
diverse landscapes and social settings. Yet, as in the case of 
poverty assessment, there have been attempts to measure 
vulnerability quantitatively in order to achieve a more 
objective and comparable analysis across spatial and tem¬ 
poral scales. 

A number of efforts have been made to measure vulner¬ 
ability through indices, which use theoretical models to 
analyse the impacts of composite variables. Many of these 
studies follow the Alkire-Foster method, discussed earlier, in 
analysing multidimensional poverty (Alkire and Foster 
2011 ). 

Pandey and Jha (2011) proposed a Climate Vulnerability 
Index (CVI) that incorporates at the household level the 
three dimensions of vulnerability identified by the IPCC— 
exposure, sensitivity, and adaptive capability—to assess a 
community’s overall vulnerability to climate change. The 
index defines and measures exposure as natural hazards and 
climate variability measurements; sensitivity as health, food, 
and water variables; and adaptive capability as metrics of 
socio-demographics, livelihood strategies, and social 
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networks (Pandey and Jha 2011). The CVI ranges from high 
(0) to low (1) vulnerability and can be used in monitoring 
vulnerability fluxes under stress conditions or in evaluating 
proposed programmes or policy interventions by altering 
variables and comparing the output to the baseline (Pandey 
and Jha 2011). The study’s authors applied the CV to the 
Indian Himalaya (Srinigar, Uttarkhand) and a major finding 
was that vulnerability (sensitivity and adaptive capacity) was 
higher in areas farther from the district headquarters, as 
compared with closer areas, while exposure was comparable 
despite distance. 

The vulnerability and capacities index (VCI) proposed by 
Mustafa et al. (2011) may be quite useful in the HKH. 
Following Woodrow and Anderson (1989) this VCI breaks 
vulnerability into three broad categories of material, insti¬ 
tutional, and attitudinal vulnerability. The VCI focuses on 
livelihood diversification, infrastructure, and social capital, 
among other indicators, as factors that mitigate vulnerability 
and, to a lesser extent, on physical exposure as a driver of 
vulnerability. 

This index may be particularly appropriate for HKH 
because it is based on insights distilled from vulnerability 
research in South Asia, specifically Nepal, India, and Pak¬ 
istan; thus, it was designed with the regional context in 
mind. The simple additive framework of VCI makes it easy 
to use, as demonstrated by its use in Sindh, Pakistan (Ghaus 
et al. 2015). Additionally, the VCI’s structure is quite flex¬ 
ible and can be adapted to specific contexts by simply 
substituting appropriate variables for those outlined in the 
original formulations. Finally, as the index was tested, it 
provided substantial insight into how livelihoods, assets, 
access to services, and a sense of empowerment all intersect 
in the overall picture of vulnerability. 

Another approach to measuring vulnerability recognized 
the shortcomings of blanket approaches and proposed the 
inclusion of livelihood types in the analysis, allowing similar 
livelihoods to be compared in terms of vulnerability through 
consideration of specific attributes (Kok et al. 2016). This 
study’s approach recognized that different livelihoods, such 
as pastoralism and sedentary agriculture, are prone to dif¬ 
ferent vulnerabilities and, thereby, multidimensional indica¬ 
tors should use specific variables for each livelihood type. 
The authors use this method to develop indicators for 
smallholder farmers, reasoning that specific socio-ecological 
dimensions would allow for better transfer of the framework 
to similar livelihoods. There are two key advantages to this 
pattern approach. Firstly, it can be applied to assess vulner¬ 
ability at any scale, including household (Sietz et al. 2012) 
and regional scales (Sietz 2014). Secondly, the similarities 
depicted by the vulnerability patterns facilitate the transfer of 
vulnerability reduction strategies based on the assumption 
that people living in similar socio-ecological conditions 
would benefit from similar measures to reduce vulnerability. 


Gerlitz et al. (2017) conducted the most comprehensive 
quantitative study on vulnerability in the HKH, creating a 
multidimensional livelihood vulnerability index (MLVI) 
based on the Alkire-Foster method for multidimensional 
poverty. The MLVI measures can identify not only vulner¬ 
able people but also areas of intervention—and if conducted 
over regular intervals, this index can be used to monitor the 
success of adaptive policies. The assessment covered 6,100 
households in almost 280 settlements in the Upper Indus 
Basin in Pakistan, the Eastern Brahmaputra Basin in India, 
and the Koshi Basin in Nepal. Twenty-five indicators were 
used for each of the three domains of vulnerability, where 
exposure represents the nature of biophysical threat from 
climate change, sensitivity constitutes the socioeconomic 
determinants of differentiated impact, and capacity measures 
the ability to recover from or adapt to such changes. 

Figure 12.9 presents the absolute and relative contribu¬ 
tion of vulnerability dimensions by district and sub-basin, 
indicating that the Upper Indus is the least vulnerable of the 
three basins. Gerlitz et al. (2017) point out that the 
theory-based index assigns scores based on normative 
decisions; thus, the final results are influenced heavily by 
these decisions. They also acknowledge that applying the 
same values or weights across large areas may obscure 
crucial local factors affecting livelihood vulnerability. 
However, this method can be adapted to local realities by 
adding or eliminating indicators, making this one of the most 
comprehensive vulnerability assessments in the region. 

It is apparent in Fig. 12.9 that Khotang District of the 
Koshi Basin in Nepal is the most vulnerable; 96% of its 
population is multi-dimensionally vulnerable in terms of 
52% of the 25 vulnerability indicators. Lakhimpur is the 
most vulnerable in the Eastern Brahmaputra Sub-basin, with 
92% of its population vulnerable; and Chitral District in 
Pakistan marks the highest vulnerability in the Upper Indus 
Sub-basin, with 65% of its population vulnerable (Gerlitz 
et al. 2017). Figure 12.10 breaks down the composition of 
the MLVI, showing the absolute and relative contributions 
of each vulnerability dimension. 

By identifying which indicators are the dominant deter¬ 
minants of vulnerability, this analysis is useful in suggesting 
targeted policy responses. While a lack of adaptive capacity 
was the greatest absolute contributor to livelihood vulnera¬ 
bility in Lohit and Udayapur (0.17 and 0.16, respectively), 
Chitral is highest in relative terms, making up 50% of the 
MLVI (Gerlitz et al. 2017). To reduce livelihood vulnera¬ 
bility in Chitral, for example, priority may be given to 
programmes that enhance adaptive capacity or to efforts to 
improve resources and energy, targeting the specific issues 
that contribute most to its vulnerability. 

The highest absolute contributor to exposure was in 
Khotang (0.15), whereas exposure marked the highest rela¬ 
tive contribution to vulnerability in Hunza-Nagar (38%) 
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Fig. 12.9 Vulnerability in three 
sub-basins of the HKH: absolute 
and relative contribution of 
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(Gerlitz et al. 2017). Biophysical risk is the biggest con¬ 
tributor to Hunza-Nagar’s vulnerability profile, yet this 
factor alone doesn’t amount to high vulnerability overall. In 
Khotang, on the other hand, biophysical vulnerability is 


relatively low, yet the combined risks in terms of infras¬ 
tructure and livelihoods make it the most vulnerable district 
in the study. By comparing the drivers of vulnerability 
between Hunza-Nagar and Khotang, it becomes apparent 
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Fig. 12.11 Top three environmental and socioeconomic shocks 
(Gerlitz et al. 2015b). Notes N = 6,096 HH (India = 2,647 HH, 
Pakistan = 1,139 HH, Nepal = 2,310), weighted analysis, 100%, data: 
VACA 2011/12 

that livelihood and infrastructure are the main drivers of 
absolute vulnerability. 

Exposure to climatic, environmental, and socioeconomic 
shocks had the most significant impact on vulnerability in 
each district. Figure 12.11 indicates the top three environ¬ 
mental and socioeconomic shocks to communities, and 
Fig. 12.12 presents each community’s responses to these 
shocks. 

As indicated by these figures, livestock diseases, floods, 
droughts, erratic rainfall, and irrigation problems caused the 
most consequential environmental shocks, and communities 
responded by changing farming practices. In each basin, 
family illness and electricity shortages caused the most 
severe socioeconomic shocks, and people within the com¬ 
munity often responded by borrowing money. 

Such information is extremely useful in suggesting 
mountain-specific policy options to reduce vulnerability in 
farming communities, addressing issues within both social 
and environmental domains to decrease both poverty and 
vulnerability. Practical measures to support mountain 
livelihoods include, for example, financial support, 


decentralized energy production, access to information and 
research on appropriate farming practices, and timely 
weather-related data. 

Multidimensional vulnerability measures (as described by 
Alkire and Foster 2011) avoid overly simplistic and overly 
generalized findings, successfully identifying vulnerable 
populations and significant areas of intervention, while also 
allowing the success of adaptive policies to be monitored at 
regular intervals. The multidimensional vulnerability (and 
poverty) indices can serve as good baselines for measuring 
temporal and spatial trends in growth and development— 
and for attempting to isolate the climate change factor 
driving this trajectory. In addition, actual empirical evidence 
from the field (as opposed to predictive theorizing) would 
help calibrate VCI models to local realities. 

On the other hand, participatory vulnerability and capa¬ 
bility analyses are more direct in capturing the problems at 
hand and thereby constitute a better tool for eliciting policy 
direction. However, such analyses are place-based—deter¬ 
mined by local priorities, landscapes, and livelihoods—and 
thereby not suitable for comparison, failing any promise of 
universal application. 

12.3.3 Evidence of the Intersection of Poverty 
and Vulnerability in the HKH 

This assessment shows that the mountain regions of the 
HKH have a higher incidence of economic and multidi¬ 
mensional poverty than the plains—and income poverty 
levels in mountain areas are also higher than in the plains, 
with the exception of India. Furthermore, there has been less 
poverty reduction in mountain areas, which has led to 
increased income inequality between the two regions. Even 
in India, where several hill states have poverty rates that are 
lower than the national average, the hill states fare worse 
than the rest of the country in terms of access to education, 
healthcare, financial support, infrastructure, and basic 
amenities. In terms of policy, a significant implication is the 
need to close the gap in income inequality through more 
effective poverty-reduction programmes in the mountain 
areas, including greater investments in education and in 
development of economic and social infrastructure. 

Multidimensional assessment proves to be a better mea¬ 
sure of poverty than any single indicator. Fivelihoods are 
intricately—and variously—tied to natural resources and 
reliant on knowledge of seasonal and climatic change (Elalem 
and Pal 2015). Therefore, the impacts of climate change on 
local livelihoods are becoming increasingly severe—and 
certain livelihood coping strategies are, in turn, impacting 
climate change. Overall, it is clear that across the HKH 
inhabitants are experiencing increased vulnerability to climate 
change, particularly in terms of livelihood and wellbeing. 











































448 


G. Gioli et al. 


Fig. 12.12 Top three responses 
to social and environmental 
shocks (Gerlitz et al. 2015b). 
Notes Top panel; N = 5,630 HH 
(India = 2,490 HH, 

Pakistan = 1,124 HH, 

Nepal = 2,016), weighted 
analysis, 100%, data: VAC A 
2011/12. Bottom panel: 

N = 5,855 HH (India = 2,571 
HH, Pakistan = 985 HH, 

Nepal = 2,299), weighted 
analysis, 100%, data: VAC A 
2011/12 
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Water, land, and forests are essential resources for HKH 
residents. Quantitative and qualitative studies indicate that 
these resources are being affected by climate change and the 
coping strategies used in response to it. Regionally, studies 
highlight that while the annual average precipitation has not 
shifted significantly, there have been more frequent 
extremes, such as droughts and floods, and rainfall patterns 
have become less predictable overall (EPASSA 2008; 
Duncan et al. 2013; Wiltshire 2014). Cloudburst incidents 
are being reported more frequently in the mountainous 
regions (Shah 2009), and the amount of precipitation falling 
as snow has decreased while ablation has increased (Wilt¬ 
shire 2014). 

These changes have made it harder for local people to 
predict and prepare for the onset of monsoon seasons, 
making the population more vulnerable to flooding disasters, 


including glacial lake outburst floods (GLOF) (Gentle et al. 
2014). With livelihoods dependent on understanding and 
predicting these weather patterns, HKH residents are also 
more vulnerable to disasters caused by drought and 
landslides. 

Research shows that in monsoon-affected regions, just 
one extreme weather event can account for as much as 10% 
of a catchment’s yearly water intake, and 50% of yearly 
rainfall can occur within a 10-day period (Dahal and Hase- 
gawa 2008; Bookhagen and Burbank 2010). Sediment 
qualities are also being affected, impacting ecosystems by 
disrupting irrigation networks, hydropower efforts, and the 
potable water supply. These extreme weather events not only 
impact the population’s access to ecosystem services but 
also put residents at risk of physical harm, loss and damage 
to infrastructure, and food insecurity (see Chaps. 9 and 11). 
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With global warming continuing at current rates, precipita¬ 
tion projections for the region become increasingly alarming, 
necessitating the development of adaptation strategies for the 
area’s huge resident population (Gentle et al. 2014). 

Elalem and Pal (2015) conducted an assessment of vul¬ 
nerability to flooding in the HKH. By looking at the his¬ 
torical record of floods spanning 1951-2013, coupled with 
demographic and socioeconomic data, they assessed flood 
disaster locations and the resulting economic and human 
impacts. The authors produced vulnerability maps marking 
the what, where, and when of the disaster impacts across the 
HKH. In terms of time, the results indicated a clear trend 
across the whole region: There were more frequent and more 
intense disasters throughout 2001-13. 

Elalem and Pal (2015) also highlighted economic dam¬ 
ages associated with flood disasters. In light of Pakistan’s 
2010 mega floods, it is not surprising that the authors found 
that Pakistan experienced the greatest economic damages per 
disaster, followed by China and India. However, it is notable 
that the HKH countries with lower GDP (Nepal and 
Afghanistan, along with Pakistan) were more vulnerable to 
economic loss throughout the full period of assessment than 
their wealthier counterparts. This means that poorer coun¬ 
tries are less able to respond to extreme events and disasters, 
indicating that poverty and vulnerability are interlinked. This 
also suggests a regional strategy of reducing vulnerability by 
integrating disaster resilience into broader poverty-reduction 
strategies. 

Desertification, in particular, is a concern for HKH pop¬ 
ulations residing in India and Pakistan. (Ning et al. 2013) 
concurs that desertification, degradation, and soil erosion are 
being exacerbated by climate change in the HKH’s 
high-altitude rangelands. Desertification is affecting land¬ 
scape productivity in many sites, including the Manasarovar 
catchment in China, various sites in Nepal, and in Sindh, 
Gilgit-Baltistan, and Balochistan in Pakistan. 

In Nepal, the National Action Programme on Land 
Degradation and Desertification estimates that around 3.3 
million hectares (28.2% of the country’s total land) are 
experiencing the process of desertification (Tiwari and Joshi 
2012; GoN 2016). In terms of degradation, 70% of the total 
degraded land is in the forests and the rangelands. Tiwari 
and Joshi (2012) contend that the drivers of this desertifi¬ 
cation and degradation are the combination of climate 
change, infrastructure development, and the coping strate¬ 
gies of populations in poverty, including land-use patterns, 
settlement, infrastructure development for fuelwood and 
timber, tree cutting and forest clearing for agriculture, mass 
wasting, flooding and erosion, and rockslides. Despite these 
significant figures in Nepal, EPASSA (2008) estimates that 
the impacts of desertification will be even more severe for 
Pakistan and India. 


Authors highlight several broad linkages between poverty 
and vulnerability across the HKH, which are exacerbated by 
climate change impacts. Some of the most consistently 
reported include: 

• Lack of economic diversification resulting in sustained 
dependence on a degrading and increasingly fragile 
ecosystem for consumption and livelihood (Suich et al. 
2015). 

• High dependency of downstream communities on 
upstream ecosystem services for dry-season water for 
irrigation, hydropower, drinking water, and soil fertility 
and nutrients—especially in South Asian HKH countries 
(Rasul 2014). Moreover, poorer people who depend on 
mountain ecosystems for survival are not incentivized to 
conserve resources (Rasul 2014). 

• Continued overuse of groundwater-irrigated agriculture, 
which provides food security for approximately 60-80% 
of the population, but degrades the groundwater resour¬ 
ces needed for other livelihood uses (Shah 2009). 

• Growing demand for timber and fuelwood to support 
industry and livelihoods that has led to heavy degrada¬ 
tion of forest resources, upon which poor communities 
depend (Haigh 1990; Rasul 2014). 


12.3.4 Knowledge Gaps and Recommendations 

There are some key knowledge gaps in the literature on 
vulnerability in the HKH that should be explored and illu¬ 
minated with new empirical research. The most striking gap 
is in the limited geographical focus of the evidence base. The 
majority of research focuses on Nepal and India, and there is 
a need for greater investigation across Pakistan, Afghanistan, 
Bhutan, Myanmar, Bangladesh, and China. Climate and 
environment data also needs to be improved and expanded to 
encompass a comprehensive understanding of the HKH. 
Data collection is often sparse in the rugged, high-elevation 
areas of the HKH, which poses a challenge for accurate 
climate modeling and prediction of climate change effects 
for such areas. Furthermore, there are also significant gaps in 
scientific knowledge of climate change, including the effects 
of black carbon and melting permafrost and the impact of 
transient groundwater storage on water regimes. 

Another key gap in existing literature is in understanding 
the differentiated impacts of climate change on poverty and 
vulnerability across different geographical zones within the 
HKH. Generally, the literature assumes that the nexus 
between climate change, poverty, and vulnerability can be 
understood through regional research—but this is debatable, 
as the studies reviewed highlight highly differentiated 
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impacts depending on local geography, socioeconomic 
structure, and experienced impacts. Most poverty reduction 
programmes do not take mountain specificities into consid¬ 
eration; thereby these efforts may actually increase climate 
risk and fragility in the HKH—or, at best, prove to be less 
effective in the mountains than in the lowlands. It may be 
useful to categorize different geographical zones across the 
HKH according to different factors, and then understand 
how such differentiated spaces and populations are impacted 
by climate change. 

Participatory research is also needed to understand the 
intersectional impacts of climate change on poverty and 
vulnerability. The literature highlights the significance of 
intersectional categories—especially gender—in accessing 
livelihood adaptation strategies (Shields 2008). As discussed 
above, the intersection of gender and economic marginality 
leads to increased vulnerability and reduced access to sus¬ 
tainable adaptation strategies. Targeted investments 
informed by this understanding would increase the effec¬ 
tiveness of development efforts and help reduce 
vulnerability. 

Hewitt and Mehta (2012) argued that marginalization in 
mountain areas is due to subordination of the specific regional 
socioeconomic planning by larger strategic planning at the 
state level. In simple terms, mountain-specific socioeconomic 
planning does not work in service of other and larger 
geographies—especially not the plains. Therefore, fewer 
socioeconomic development gains are made in mountain 
areas. Such trends in mountain-area marginalization have 
been observed in poverty-reduction strategies as well. 

Evidence in this assessment suggests that reduction of 
both poverty and vulnerability can be achieved through 
coordinated interventions that are contextualized, intersec¬ 
tional, and mountain specific. Multidimensional poverty 
measures—which assess multiple deprivations in education, 
health, and standard of livingvare appropriate for poverty 
assessment in mountain areas. Since there is an acute 
shortage of mountain-specific poverty data, an important 
policy implication is that governments and development 
partners should allocate more resources to build a compre¬ 
hensive database using longitudinal surveys at the regional 
and national levels. Such a database would strengthen, 
complement, and substantiate the macro-level findings, 
which are based on the nationally representative datasets. 
Further assessment could be used to identify and document 
pockets of poverty and vulnerable communities throughout 
all HKH countries using a long-term monitoring system. 

Where the government cannot provide adequate social 
protection, investment in social mobilization can strengthen 
traditional social networks to effectively reduce vulnerabil¬ 
ity, as has been demonstrated in some areas of Pakistan 
(Khan 2014). Additionally, income inequality in mountain 
regions can be addressed through mountain-specific 


poverty-reduction programmes, including larger per capita 
investment in education and the development of economic 
and social infrastructure. 

Local promotion of eco-tourism (such as the home-stay 
model) has significant potential for promoting mountain 
economies, while supporting women and sustainable, resi¬ 
lient development. By contrast, large direct investment in 
eco-tourism may increase climate vulnerability by exerting 
pressures on the environment, though more research needs to 
be done on different models of tourism and their risks and 
opportunities across the HKH. 

In agriculture, traditional irrigation practices can also be 
further investigated to identify both risks and opportunities. 
The application of modem technologies and techniques 
might allow traditional practice to become sustainable and 
resilient. Reforesting lands that have become suboptimal for 
agriculture can encourage groundwater recharge and provide 
alternate livelihoods based on ecosystem services, such as 
fibre production and tourism (Chaudhary and Aryal 2009). 

Regional and national strategies have had differential 
impacts on mountain poverty and may even increase vul¬ 
nerability of mountain livelihoods. Promotion of high-value 
crops, for example, may be useful by increasing income, but 
over-promotion will reduce the diversity of income sources, 
making the endeavour highly susceptible to a covariant risk 
of large-scale failure due to an unpredicted pest or a shift in 
rain and temperature patterns. 
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Chapter Overview 


Key Findings 

1. Adaptation to climate change is increasingly 
urgent for the HKH—yet for policy makers it is 
a complex challenge. Adaptation responses by 
governments in the HKH are mostly incremen¬ 
tal and not yet well integrated with development 
plans and programmes. Especially at the subna¬ 
tional level, action suffers from poor understanding 
of existing autonomous responses, as well as 
insufficient resources, climate information, and 
clear adaptation options. 

2. In spite of these challenges, opportunities do 
exist for a scaled up, inclusive, and more com¬ 
prehensive climate change adaptation responses 
in the HKH. Such opportunities may include 
improved regional cooperation among HKH 
countries, incentives to promote policy experi¬ 
mentation, initiatives to develop climate literacy, 
and enhanced private sector engagement. 

3. Bolstering climate change adaptation in the HKH 
will require very substantial increases in funding 
than currently available. As climate change fund¬ 
ing filters down from international and national 
sources to local government and community levels, 
the funding loses its “identity” as adaptation finance. 
With appropriate incentive mechanisms, private 
financing also might support adaptation. 


Policy Messages 

1. Climate change adaptation policies and prac¬ 
tices must intensify in the HKH—and must 
become transformative. Lessons learned from 
successful policy instruments, such as the Local 
Adaptation Plans for Action (LAPAs), should 
widely inform efforts elsewhere. Governments will 
benefit from mainstreaming these instruments in 
their planning and budgeting processes. Institu¬ 
tional capacity on adaptation needs to increase until 
it fits to purpose at each level of governance. 

2. Local-level autonomous responses to climate 
variability and extreme events must be system¬ 
atically studied, documented, and validated. 
Such responses need to generate critical, 
practice-based feedback for adaptation planning at 
higher governance levels. 


3. HKH countries and institutions must work 
together to build mechanisms and fora to debate 
and negotiate key challenges, such as data 
sharing, and to incentivize regional cooperation 
and cross-learning at a regional scale. This 
cooperation is needed to harness relevant oppor¬ 
tunities, expertise and experiences. 


Climate change impacts in the mountains of the HKH are 
already substantive. Increased climate variability is already 
affecting water availability, ecosystem services, and agricul¬ 
tural production, and extreme weather is causing flash floods, 
landslides, and debris flow. Climate change is likely to have 
serious effects in the next decades in the mountains of the HKH 
(well established). By 2050, mountain temperatures across the 
region are projected to increase beyond 2 °C on average, and 
more at higher elevations. Mountain communities—especially 
remote ones—are more vulnerable to climate change impacts 
than non-mountain areas (established but incomplete). The 
high mountains are poorly served by life-saving and 
livelihood-supporting infrastructure. Access to climate infor¬ 
mation and support services is limited, as is the presence of 
government extension agencies. Weak institutional links hin¬ 
der farmers from adopting technology that can contribute to 
adaptive capacity. Lor poor and marginalized groups, deep and 
pervasive structural inequalities make climate change adapta¬ 
tion even more difficult. Although the IPCC Lifth Assessment 
Report Working Group 2 had four chapters on adaptation, lit¬ 
erature on mountain specifics was not prioritized. However, 
although still insufficient, scientific literature in the region is 
rapidly emerging, and there is a wealth of information emerging 
from ongoing adaptation action driven by HKH countries. 

This chapter focuses primarily on analysing ongoing 
adaptation activities and identifying common patterns of 
adaptation response across the eight countries with territory in 
the HKH—Afghanistan, Bangladesh, Bhutan, China, India, 
Myanmar, Nepal, and Pakistan. The chapter distinguishes 
between adaptation responses that are planned by govern¬ 
ments or by non-state actors, and those that are local and 
autonomous, unplanned. Lurther, it asks whether the planned 
responses are sufficiently knowledgeable of autonomous 
adaptation practices, and it considers the extent of policy 
support for these practices as well as the need to critically 
evaluate practices and results. Autonomous adaptation is key 
in the HKH because it draws on local knowledge systems, 
recognized as repositories of traditions and management 
practices that can usefully inform adaptation responses. Yet 
the systematic documentation of local, autonomous responses 
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to climate change in the HKH is limited, and few attempts 
have been made to validate these responses scientifically. 

Policy makers in the HKH countries are aware of the 
urgency to act on adaptation but face substantive challenges 
(well established). Some of those challenges are a lack of 
adequate data (both in terms of quantity and quality, and 
especially at a localized scale) about climate change impacts, 
weak institutional capacity at various governance levels, 
social and economic barriers to intervention uptake, and 
poor infrastructure for development and adaptation purposes. 

The chapter finds that government-led planned adaptation 
responses in the HKH are strongly influenced by the 
evolving global regime under the United Nations Frame¬ 
work Convention on Climate Change (UNFCCC). Notably, 
the National Adaptation Plan (NAP) process—established in 
2010—emphasizes that to reduce vulnerability and build 
resilience, countries should integrate climate change adap¬ 
tation into development planning. This assessment shows 
that all HKH countries have initiated efforts towards such 
integration, and established high-level coordinating bodies 
under political leadership. The government-led responses are 
at both national and subnational levels through multiple 
plans, programmes, and projects. In all the countries there is 
clear identification of priority sectors for adaptation inter¬ 
ventions; however, attention to mountain specificities is not 
common (well established). 

Planned responses to climate change by HKH govern¬ 
ments and non-state actors are hindered by large constraints 
on institutional capacity (well established) leading to major 
gaps between policy goals and actual implementation of 
adaptation programmes. This chapter seeks to identify the 
most urgent of these constraints—the ones that require 
immediate action. It also describes many adaptation initiatives 
undertaken by non-state actors. How can one learn from the 
most successful of these initiatives, be replicated and scaled 
up, to inform and create synergies with other coordinated 
actions? The chapter identifies solutions that could work to 
better connect adaptation science, policy, and practice. 

Given climate change impacts are likely to be substantial 
in the near future—even though they may be nonlinear and 
subject to high uncertainty—HKH countries will benefit from 
moving beyond incremental strategies (established but 
incomplete) and scale up transformative adaptation, inte¬ 
grating these with development planning and disaster risk 
reduction. Assessment of the scientific literature, adaptation 
policy and action by non-state actors shows there is a large 
potential for enhanced opportunities through investments for 
generating science-based climate information and knowledge 
services, as well as incentives to promote policy experi¬ 
mentation through adaptation pilots. Institutional capacity 
building on adaptive governance and the creation of knowl¬ 
edge networks are also important. Greater regional coopera¬ 
tion among HKH countries in information and knowledge 


sharing, particularly in areas such as disaster risk reduction, 
and food and water security is of critical importance. 

There is need for stronger integration of adaptation with 
national development plans and programmes, including with 
the ongoing implementation of the Sustainable Development 
Goals (SDGs). Gaps in a country’s adaptive capacity cannot 
be addressed until political leadership pushes for an intensified 
adaptation response within the larger development regime. It 
is also critical to enhance regional collaboration, and sub¬ 
stantively increase adaptation finance, including mobilization 
of funds for greater social protection and risk insurance. 
Engagement of the private sector in adaptation to climate 
change and resilience is a critical factor for successful action. 

The chapter concludes by putting forward a measurable 
set of HKH mountain targets consistent with the SDGs, and 
proposes an SDG-consistent priority for the HKH region on 
adaptation: Ensure integration between adaptation to cli¬ 
mate change , disaster risk reduction , and sustainable 
development for the mountains through evidence-based 
decision making and means of implementation. 

Climate Change Adaptation and the SDGs 

HIMAP puts forward a vision for meeting the SDGs in 
the HKH region. Adaptation to climate change cuts 
across multiple SDGs (and most HIMAP priorities) 
and, given climate change impacts in the HKH region, 
is a necessary condition for socio-ecological resilience. 

It also deserves specific attention as the result of 
integrated action with development planning and 
DRR. First, enhancing resilience in HKH ecosystems, 
communities, human settlements, and urban areas is 
intrinsically related to ending poverty in all its forms, 
ensuring nutrition, access to energy and water, 
enhanced livelihoods, and freedom from all forms of 
inequality (in particular gender inequalities). This 
requires a combination of autonomous and transfor¬ 
mative adaptation options, strategically embedded in 
all development trajectories and in close collaboration 
with all forms of DRR. Autonomous adaptation builds 
on ongoing adaptive practices that, without explicit 
planning, increase adaptive capacity. At the same time, 
there is a need for transformational adaptation, 
changing systems and behaviour to generate inclusive 
change, rather than coping only with climate impacts. 
There is an urgent need for policy approaches that are 
pro-poor, socially inclusive, and well integrated with 
DRR and other resilience-building interventions, while 
also being forward looking, seeking co-benefits and 
attentive to trade-offs with the wider sustainable 
development agenda. 

Adaptation to climate change needs to contribute to 
promoting sustainable production systems to assure food 
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security, nutrition security, and income for mountain 
people, with particular attention to women’s changing 
roles in agriculture. This encompasses SDGs 2,5,6,7,9, 
and 11. Clearly, SDG 13— Take urgent action to combat 
climate change and its impacts —is a central SDG for 
adaptation to climate change. For the HKH, target 13.2: 
Integrate climate change measures into national poli¬ 
cies, strategies and planning is of utmost relevance, and 
the NAP process can be very effective in this regard. 

Further, this assessment experience leads us to pay 
close attention to SDG 16— Promote peaceful and 
inclusive societies for sustainable development, pro¬ 
vide access to justice for all, and build effective, 
accountable, and inclusive institutions at all levels. 
Target 16.7: Ensure responsive, inclusive, participa¬ 
tory and representative decision-making at all levels is 
of particular importance. Inclusive institutions are 
essential in the HKH for adaptation measures to be 
consistent with social justice. 

Finally, SDG 17— Strengthen the means of imple¬ 
mentation and revitalize the global partnership for 
sustainable development —includes target 17.6, 
stressing the need for enhanced regional and interna¬ 
tional cooperation as well as partnerships with 
non-state actors, such as business and industry. 
Adaptation to climate change in the HKH will depend 
on meeting this target, for practical reasons related to 
financing, technology transfer, and capacity building. 

We propose an SDG-consistent priority for adap¬ 
tation to climate change in the HKH: 

• Ensure integration between adaptation to climate 
change, and DRR and sustainable development for 
the mountains, through evidence-based decision 
making and means of implementation. 

To materialize this goal, and drawing from the 
lessons learned in this assessment, we propose 10 
indicators of climate change adaptation for the HKH, 
consistent with SDG priorities and targets, to guide 
policy makers in implementing the SDG framework in 
the region: 

1. Number of deaths, missing persons, and persons 
affected by climate hazards per 100,000 people 
(disaggregated by sex) 

2. Economic loss (as a percentage of national GDP) 
that is averted by climate-proofing critical 
infrastructure and basic services 

3. Percentage of population with access to improved 
climate information and services 


4. Percentage of population with improved access to 
successful adaptation technologies 

5. Proportion of local governments that formulate 
and implement local adaptation plans aimed at 
DRR and resilience building for vulnerable 
population groups 

6. Number of cities or urban settlements with access 
to safe, climate-resilient infrastructure and ser¬ 
vice delivery systems 

7. Percentage of rural population drawing a major 
part of their household income from 
climate-resilient livelihood systems 

8. Amount of climate financing flowing locally for 
climate change adaptation (for example, the 
percentage of the national budget allocated to 
mountain districts) 

9. Access to international funding (for example, 
from the Green Climate Fund) 

10. Number of knowledge institutions actively 
engaged in adaptation knowledge generation, 
communication, pilots, and scale-up relevant to 
the mountain context. 


13.1 Adaptation to Climate Change: 

Stronger Action Urgently Needed 

Temperature across the mountains of the HKH is projected 
to increase by about 1-2 °C by 2050, and by even more at 
higher elevations (Shrestha et al. 2015). Winters are expec¬ 
ted to grow warmer at a faster rate than summers in most 
places. Precipitation projections are less certain and the 
spatial variability is high (see Chap. 3). The likely increase 
in frequency and magnitude of extreme weather events such 
as high intense rainfall leading to flash floods, landslides, 
and debris flow (Shrestha et al. 2015) can have serious 
consequences. These events would most likely affect various 
productive sectors in the HKH countries, particularly the 
natural resources systems that provide the livelihoods for 
poor and marginal communities, and impede the develop¬ 
ment process (Ahmed and Suphachalasai 2014; Moors and 
Stoffel 2013; Su et al. 2013). There is also the recognition 
that climate-related population dislocation will be significant 
in Bangladesh, China, India, and Pakistan (ADB 2012). 

The current level of understanding of adaptation needs 
and interventions specific to mountain situations continues to 
be highly limited because of inadequate knowledge of cli¬ 
mate change impacts on mountain people and ecosystems. At 
the same time, adaptation is becoming increasingly urgent for 
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the HKH. A number of research studies (as cited in earlier 
chapters of this volume) show that increased climate vari¬ 
ability is already alfecting water availability, ecosystem ser¬ 
vices, and agricultural production in the region. The huge 
impact of frequent extreme weather events on life and 
property in the region underscores the urgency of the situa¬ 
tion and the necessity to ramp up adaptation action there. 

Five of the eight HKH countries—Afghanistan, Bhutan, 
Myanmar, Nepal, and Pakistan—are predominantly mountain 
countries and, at the same time, four of these (excluding 
Pakistan) are classified as Least Developed Countries (LDCs). 
Even in case of the remaining two South Asian countries— 
Bangladesh and India—the mountain states/regions compare 
poorly with most of their non-mountain counterparts in terms 
of GDP and human development index (HDI) indicators. In 
China, most people living in poverty reside in mountain 
regions that occupy nearly two-thirds of the land. 1 Thus, for 
mountain people in HKH countries, climate change impacts 
carry a significant risk of undermining the achievement of 
fundamental human rights such as those to food, health, 
adequate housing, and access to safe drinking water and 
sanitation (Cameron et al. 2013). 

While climate change is acting as a natural driver of 
change, there are several other driving forces such as pop¬ 
ulation change, economic growth, urbanization, and glob¬ 
alization (see Chap. 2) causing rapid socioeconomic 
transformation in the HKH. This process of change is often 
accompanied by conditions of high uncertainty due to 
complex interactions among the driving forces. For adapta¬ 
tion planning and actions under circumstances of large-scale 
changes (some of which may be nonlinear) and high 
uncertainty, the HKH countries are required to go beyond 
incremental strategies and initiate transformative develop¬ 
ment and adaptation. An example of transformational 
change urgently required in the HKH is enabling mountain 
women, left behind because of male out-migration, to 
emerge from being ‘frontline victims’ of climate change 
impacts to become ‘risk and resource managers’ with control 
over productive assets (Mishra et al. 2017a). There is defi¬ 
nitely a capacity need for policy makers in the HKH to plan 
and deliver such change, but addressing this need will be 
possible only when the political leadership pushes for an 
intensification of the adaptation responses within a larger 
transformative development regime. 

Box 13.1 Approach to this assessment 

This assessment seeks to identify patterns in adapta¬ 
tion response common to the eight HKH countries— 

Afghanistan, Bangladesh, Bhutan, China, India, 


1 http:7Avww.fao.org/docrep/ARTICLE/WFC/XII/0510-A3 .HTM. 


Myanmar, Nepal, and Pakistan. We look at both 
autonomous and planned adaptation responses to cli¬ 
mate change impacts. In the “planned” category we 
seek to distinguish between government responses and 
initiatives taken by non-government actors. We try to 
understand to what extent adaptation policy formula¬ 
tion is learning from autonomous practices; and, vice 
versa, we ask to what extent autonomous adaptation is 
receiving policy support—especially in the case of 
mountain people’s farm-based activities that are of key 
importance to rural livelihoods in the HKH. In the case 
of planned adaptation, institutional capacity con¬ 
straints are many and we seek to identify those that 
require urgent attention. Adaptation practice in the 
HKH is dominated by many disconnected activities 
and initiatives, often mostly proposing incremental 
change. The question is how to move beyond such 
fragmentation, and beyond incremental action, to 
replicate, scale up, and create synergies from mutual 
learning and coordinated action. This requires trans¬ 
formative approaches that truly generate integrated 
results with development planning and DRR activities. 


13.1.1 Adaptation to Climate Change 

in the HKH: A Complex Challenge 
Compounded by Social Differentiation 
and Poor Development 

The mountain communities in HKH countries, particularly 
those located in remote areas, are most vulnerable to climate 
change impacts (especially disasters caused by extreme 
weather events). The adaptation needs of several subsets of 
highly vulnerable groups in the HKH—such as indigenous 
peoples, women, migrants and migrant-sending households, 
urban slum dwellers, and minorities—deserve special 
understanding and targeted action. Deep and pervasive 
structural inequalities in HKH societies make adaptation 
even more difficult for poor and marginalized people. Enti¬ 
tlements to elements of adaptive capacity (for example, 
ownership of productive assets and access to services of 
local government agencies) are typically socially differenti¬ 
ated, and this affects the uptake of coping strategies. For 
instance, in studies conducted in the central and western 
mountains of Nepal, caste hierarchy and patriarchy-led 
gender restrictions have been found to act as barriers for 
socially marginalized groups within a locality to access 
certain institutions and adopt the adaptation options that are 
easily accessible to the so-called higher castes (Jones and 
Boyd 2011; Onta and Resurreccion 2011). For HKH policy 
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makers, such social embeddedness makes adaptation a 
complex challenge. 

The other key constraints to adaptive capacity building of 
the HKH mountain communities arise because of low avail¬ 
ability of relevant scientific information and limited access to 
climate information and support services. Connectivity 
through internet and mobile phone services, although 
improving over time, is still inadequate and not universal in 
the hill and mountain areas of the region. Because of the 
difficult terrain, government extension agencies have sparse 
presence and weak outreach in most parts of the HKH geo¬ 
graphical area. Poor information flows and weak support from 
the extension system results in poor adoption among farmers 
of new and innovative adaptation measures. 

Similar to the thin presence of agricultural extension ser¬ 
vices in mountain regions, the level of penetration of life- and 
livelihood-supporting infrastructure is considerably lower in 
high mountainous terrains compared to other areas within 
HKH countries. Adaptation measures for infrastructure assets 
in vital sectors such as transportation, water storage, irriga¬ 
tion, energy, and urban utilities are lacking. Lack of invest¬ 
ment in this regard has long remained a challenge in the 
HKH. The investment bottleneck must be addressed by the 
leadership of these countries, in order to dent the prevailing 
development injustice, so that people in the HKH can use 
such infrastructure and accrue adaptation benefits. 

13.1.2 Response of HKH National Governments 
to Adaptation Challenges, and Influence 
of Evolving Global Regime 

The emergence of adaptation as a response option within the 
UNFCCC has been marked by several milestones. The first 
significant action towards adaptation started in 2001 with the 
establishment of the LDC Expert Group to provide technical 
support to the LDCs for preparing their National Adaptation 
Programmes of Action (NAPA); and with the establishment of 
the LDC Fund and the Special Climate Change Fund (SCCF) 
to support LDCs and developing countries, respectively, with 
adaptation action. This was followed by a knowledge and 
networking platform to support adaptation under the Nairobi 
Work Plan in 2005. The Adaptation Fund was launched in 
2007 under the Kyoto Protocol to fund adaptation action in 
developing countries under a novel “direct-financing” 
modality. The Cancun Adaptation Framework in 2010 further 
increased the focus on adaptation under the UNFCCC process 
with the establishment of the Adaptation Committee and the 
launch of the process to formulate and implement National 
Adaptation Plans (NAPs) for LDCs and other developing 
countries. Most recently the Paris Agreement in 2015 
cemented adaptation under Article 7 which defines an adap¬ 
tation goal, the approach towards adaptation at the national 


level, and also provides for “adaptation communications” by 
parties to submit their priorities and needs for adaptation. 

The NAP process established in 2010 emphasizes that 
reducing vulnerability and building climate resilience 
requires the integration of adaptation planning with overall 
development planning. This is further carried into the Paris 
Agreement with the adaptation goal of “enhancing adaptive 
capacity, strengthening resilience and reducing vulnerability 
to climate change, with a view to contributing to sustainable 
development”. 2 All the HKH countries have included adap¬ 
tation actions in their Nationally Determined Contributions 
(NDCs), 3 and the majority have explicitly identified the NAP 
process as the approach for adaptation (Table 13.1). 

In their NDCs, some HKH countries emphasize building 
synergy between climate action and achieving the SDGs. For 
instance, Myanmar’s climate change strategy and action plan 
identifies adaptation indicators that are linked with the SDG 
targets in sectors such as health, climate change, biodiver¬ 
sity, and food security. Similarly, Nepal’s NDC states that it 
is “imperative for Nepal to tackle the impact of poverty and 
climate change simultaneously to achieve Sustainable 
Development Goals” (p. 9). The NDCs of India and Pakistan 
also make emphatic reference to the SDG commitment. In its 
NDC, China has committed to embarking on a sustainable 
development path that encompasses economic development, 
social progress, and action on climate change. 

Adaptation priorities, based on a review of UNFCCC 
documents submitted by HKH countries (NAPA, national 
communications, NDCs), commonly identify agriculture, 
water, health, forests and biodiversity, and disaster man¬ 
agement as key sectors for intervention. Mountain-specific 
adaptation issues are observed to have received varying 
degrees of emphasis in country priorities. Thus, in the case 
of Bhutan (a wholly mountainous country) all its NAPA 
priorities relate to mountain-specific climate risks and vul¬ 
nerabilities. Strengthening early-warning systems for floods 
and glacial lake outburst floods (GLOF) risk reduction are 
identified as requiring a significantly higher density of sta¬ 
tions owing to micro-variation in the topography and cli¬ 
mates in a mountain environment. Nepal’s NAPA and Local 
Adaptation Plans of Action (LAPA) specifically recognized 
the key risks and vulnerabilities of fragile mountain 
ecosystems such as the rain shadow districts in the mid- and 
far-western region as the most vulnerable and prioritized the 
geographic areas for adaptation interventions. Another 
example of a mountain-specific policy response is India’s 
National Mission for Sustaining the Himalayan Ecosystem, 
which is one of the eight missions under the country’s 


2 https://sustainabledevelopment.un.org/frameworks/parisagreement. 

3 All the HKH country NDCs are available at the public registry 
(interim) maintained by the UNFCCC Secretariat: http://www4.unfccc. 
int/ndcregistry/Pages/Home. aspx . 
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Table 13.1 Summary of adaptation components given in Nationally Determined Contributions, by country 


Country 

Adaptation vision/goal 

Status with respect to 

NAPA & NAP (or other 
(sub)national policy 
frameworks) 

Adaptation priorities (in 
terms of sectors or 
actions) 

Cost of adaptation 

measures 

Target 

years 

Date of 

INDC 

submission 

to 

UNFCCC 

Afghanistan 

“to protect the country and 
its population by 
enhancing adaptive 
capacity and resilience, 
effectively respond to the 
vulnerabilities of critical 
sectors, and efficiently 
mainstream climate change 
considerations into 
national development 
policies, strategies, and 
plans” (p. 4) 

NAPA and NCSA 
completed in 2009. NAP 
process under way 

• Development of the 
CCSAP and 
vulnerability monitoring 
and assessment system 

• Mainstreaming of 
adaptation technologies 

• Regional and 
international 
cooperation for 
adaptation technology 
transfer 

• Meteorological and 
hydrological monitoring 
networks and services 

• Water resources 

infrastructure and 
irrigation systems 

• Community-based 
natural resources 
management 

• Selected species and 
habitat conservation 

• Alternative and 
renewable energy 

• Regeneration of 
degraded forests and 
rangeland areas 

USD10.785 billion 
(of a total financial 
need of 

USD 17.405 
billion) 

2020-30 

13 October 

2015 

Bangladesh 

“to protect the population, 
enhance their adaptive 
capacity and livelihood 
options, and to protect the 
overall development of the 
country in its stride for 
economic progress and 
wellbeing of the people” 

(p. 10) 

NAPA submitted in 2005 
(revised in 2009); NAP 
roadmap prepared 

• Improved early warning 
systems 

• Disaster preparedness 
and protection measures 

• Climate-resilient 
housing, infrastructure, 
and communication 

• Urban drainage 

• River training and 
dredging 

• Stress-tolerant variety 
improvement and 
cultivation (including 
livestock and fisheries) 

• Research and knowledge 
management 

• Health 

• Biodiversity and 
ecosystem conservation 

• Institutional capacity 
building 

USD42 billion (of 
a total financial 

need of USD69 
billion) 

2015-30 

25 

September 

2015 

Bhutan 

“to remain carbon neutral” 
(p. 1) “Adaptation to 
adverse impacts of climate 
change is a priority” and is 
to be pursued through 

NAP towards “reducing 
vulnerability by both 
integrating climate change 
adaptation into national 
development planning and 

NAPA prepared in 2006 
and updated in 2012; NAP 
process to begin on receipt 
of support 

• Water security through 
IWRM 

• Climate-resilient 
agriculture and livestock 
farming 

• Sustainable forest 
management and 
conservation of 
biodiversity 

Costs not indicated 

2018-23 
(actions 
integrated 
in 12th 

5-year 

Plan) 

30 

September 

2015 


(continued) 
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Table 13.1 (continued) 


Country 

Adaptation vision/goal 

Status with respect to 

NAPA & NAP (or other 
(sub)national policy 
frameworks) 

Adaptation priorities (in 
terms of sectors or 
actions) 

Cost of adaptation 

measures 

Target 

years 

Date of 

INDC 

submission 

to 

UNFCCC 


also implementing priority 
adaptation actions on the 
ground” (p. 5) 


• Resilience to climate 
change-induced hazards 

• Minimize climate- 

related health risks 

• Climate-proof transport 
infrastructure 

• Climate information 

services for 

vulnerability assessment 
and adaptation planning 

• Renewable and 
climate-resilient energy 
generation 




China 

“to proactively adapt to 
climate change by 
enhancing mechanisms 
and capacities to 
effectively defend against 
climate change risks in key 
areas such as agriculture, 
forestry and water 
resources, as well as in 
cities, coastal and 
ecologically vulnerable 
areas and to progressively 
strengthen early warning 
and emergency response 
systems and disaster 
prevention and reduction 
mechanisms” (p. 5) 

National Strategy for 
Climate Adaptation under 
implementation 

Measures to enhance 

overall climate 

resilience: 

• Safe operation of 
infrastructure of water 
conservancy, transport, 
and energy against 
climate change 

• Optimal water resources 
management 

• Water conservation 
facilities for farmlands, 
to vigorously develop 
water-saving 
agricultural irrigation 
and to cultivate heat- 
and drought-resistant 
crops 

• Resilience of coastal 
areas against climatic 
disasters 

• Track, monitor, and 
assess the impact of 
climate change on 
biodiversity 

• Strengthen forestry 
infrastructure 

• Effectively safeguard 
urban infrastructure 

• Contingency planning 
and capacity building 
for public health 
services 

• Improve early warning 
and communication 
system 

• Strengthen disaster risk 
reduction and 

emergency response 
systems 

Costs not indicated 

By 2030 

30 June 

2015 

India 

“To better adapt to climate 
change by enhancing 
investments in 
development programmes 
in sectors vulnerable to 

NAPCC and SAPCC 
under implementation 

The NDC estimate of 
USD206 billion is for 
implementing adaptation 
actions in agriculture, 
forestry, fisheries 

USD206 billion (at 
2014-15 prices; 
mitigation cost 
estimated around 
USD834 billion 

2015-30 

1 October 

2015 


(continued) 
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Table 13.1 (continued) 


Country 

Adaptation vision/goal 

Status with respect to 

NAPA & NAP (or other 
(sub)national policy 
frameworks) 

Adaptation priorities (in 
terms of sectors or 
actions) 

Cost of adaptation 

measures 

Target 

years 

Date of 

INDC 

submission 

to 

UNFCCC 


climate change, 
particularly agriculture, 
water resources, 

Himalayan region, coastal 
regions, health and disaster 
management” (p. 29) 


infrastructure, water 
resources and ecosystems. 
Additional investments 

would be needed for 
strengthening resilience 
and disaster management 
(p. 31) 

until 2030 at 2011 
prices) 



Myanmar 

“a vision for achieving 
climate resilient, 
low-carbon, resource 
efficient and inclusive 
development as a 
contribution to sustainable 
development” (p. 1) 

NAPA under 
implementation since 

2012; NAP to be 
developed 

NAPA priority sectors: 

1. Resilience in the 
agriculture sector, 
developing early-warning 
systems, and forest 
preservation measures 

2. Public health protection 
and water resource 
management 

3. Coastal zone protection 

4. Energy and industry 
sectors, and biodiversity 
preservation 

Costs not indicated 

Not 

indicated 

28 

September 

2015 

Nepal 

“Nepal’s Climate Change 
Policy (2011) envisions a 
country spared from the 
adverse impacts of climate 
change, by considering 
climate justice, through the 
pursuit of environmental 
conservation, human 
development, and 
sustainable development 
... The Policy has 
objectives of ... enhancing 
the climate adaptation and 
resilience capacity of local 
communities for optimum 
utilization of natural 

resources and their efficient 
management” (p. 3) 

NAPA prepared in 2010; 
LAPAs being implemented 
in 90 village development 
committees and 7 
municipalities, and nearly 
2,200 CAPA for 
community forests 
developed; NAP 
preparation ongoing since 
2015 

• NAP formulation and 
implementation; 
implementation of 

NAPA and LAPA 

• Strengthening 
implementation of 

EFLG framework in 
village development 
committees and 
municipalities to 
complement climate 
change adaptation 

• Study of impacts of 
climate change in 
mountains, hills, and 
lowland ecosystems and 
landscapes 

• Research into loss and 
damage associated with 
climate change impacts 

• Sustainable management 
of forests 

• Agricultural sector 
enhancement by 
adopting 
climate-friendly 
technologies and 
reducing climate change 
impacts 

• Climate-induced 

disasters in 
earthquake-affected 

areas 

• Institutional-level 
capacity building 

Costs not indicated 

Varies 

from sector 

to sector 

11 

February 

2016 

Pakistan 

“To build a climate 
resilient society and 
economy by ensuring that 
climate change is 

Process of developing a 
NAP under way 

Medium- to long-term 
actions (to 2030): 

• Improving irrigation 
systems 

USD7-14 billion 

per annum 

Medium to 
long-term 
actions (to 
2030); 

6 

November 

2016 


(continued) 
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Table 13.1 (continued) 


Country 

Adaptation vision/goal 

Status with respect to 

NAPA & NAP (or other 
(sub)national policy 
frameworks) 

Adaptation priorities (in 
terms of sectors or 
actions) 

Cost of adaptation 

measures 

Target 

years 

Date of 

INDC 

submission 

to 

UNFCCC 


mainstreamed in the 
economically and socially 
vulnerable sectors of the 
economy” (p. 15) 


• Enhancing water 
resource management 

• Strengthening risk 
management system for 
the agriculture sector 

• Implementing a 
comprehensive 
climate-smart 
agriculture programme 

• Building 
climate-resilient 
infrastructure (focus on 
water) 

• Improving the 
emergency response 

mechanism for 
managing extreme 
climate events and 
strengthening the 
development of disaster 
reduction and relief 
management systems 

Near-term actions 
(2020-25): 

• Developing NAP 

• Strengthening 
subnational adaptation 
planning capacity 

• Implementation of 
actions under “National 
Disaster Management 
Plan” 


near-term 

actions 

(2020-25) 



CAPA, Community Adaptation Plans of Action; CCSAP, Climate Change Strategy and Action Plan; EFLG, Environment-Friendly Local 
Governance; INDC, Intended Nationally Determined Contributions; IWRM, Integrated Water Resource Management; LAPA, Local Adaptation Plans 
for Action; NAP, National Adaptation Plan; NAPA, National Adaptation Programmes of Action; NAPCC, National Action Plan on Climate Change; NCSA, 
National Capacity Needs Self-assessment for Global Environmental Management; SAPCC, State Action Plans on Climate Change; UNFCCC, United 
Nations Framework Convention on Climate Change 


National Action Plan on Climate Change (NAPCC). It is the 
only mission with a geographical focus and its primary 
objective is to conserve biodiversity, forest cover, and other 
ecological values in the Himalaya by scientifically assessing 
the region’s vulnerability to climate change. 


13.2 Local Autonomous Responses 

to Climate Variability and Extreme 
Events in HKH 

Autonomous adaptation by mountain communities to change 
in general has evolved over the ages (Jodha 1992) and can 
be applied to climate change. This capacity to adjust is based 
on possibly thousands of reactive (ad hoc, retrofitting, or 
retrospective) and proactive (anticipating, precautionary, 


incremental, or prospective) strategies to deal with climate 
variability and change, but very little is systematically 
researched and documented, and is specific to the HKH. 

13.2.1 Many Autonomous Adaptation Practices 
Remain Very Relevant Locally and Need 
Policy Support 

In response to climate risks, farmers in the HKH employ a 
number of reactive and proactive adaptation practices, such 
as those used by farmers in Nepal (Table 13.2). 

Autonomous adaptation practices are rooted in a com¬ 
munity’s culture, tacit knowledge base, leadership, innova¬ 
tions, collective action, and experiential learning that are 
mediated by individuals and local institutions (Agrawal 
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Table 13.2 Examples of reactive and proactive adaptation practices in the agricultural sector in Nepal 


Climate risk 

Proactive/prospective adaptation 

Reactive/retrospective adaptation 

Temperature 

rise 

• Mulching of crops to retain moisture 

• Terrace wall farming to avert risk of crop failure and to 
check evapotranspiration 

• Farmer-managed irrigation systems, community-managed 
drinking water systems, and traditional water mills 

• Legume integration with maize 

• Changing cropping patterns in response to crop failure 
following climate risks 

• Introduction of new crops that did not grow well in the past 
owing to excessive cold (e.g., apple and maize are being 
introduced to new locations in Mustang) 

Erratic rainfall 
with frequent 
drought 

• Dry seedbeds for sowing rice 

• Introduction of drought-tolerant crops such as millet, 
soybean, black gram 

• Mixing drought-tolerant local varieties with improved 
varieties of maize for risk distribution 

• Varying the sowing dates in different plots for spatial risk 
distribution in case of seasonal droughts 

• Direct seeding when drought damages crops 

• Collection of wild edible foods 

• Building adaptive local institutional structures to improve 
distribution, allocation, and efficient use of water resources 

Excessive 
rainfall and 
flooding 

• Raised seedbeds for nursery preparation 

• Fencing land, orchards, houses 

• Growing flood-tolerant crops 

• Hedgerow plantations of deep-rooted grasses along the 
contours of sloping agricultural lands to prevent loss of 
topsoil and erosion 

• Altering planting time and methods (e.g., 
double-transplanting of rice) when flood damages crops 

• Migration to safer places 

Hailstones 

• Growing hailstone-tolerant crops such as turmeric, ginger, 
garlic, onion, yam, cardamom, etc. 

• Replacing walnuts with almonds to reduce damage caused 
by hailstones 

Biophysical 

damage 

• Shifting cultivation to cultivate less disrupted and 
deteriorated lands on a rotational basis 

• Bamboo fencing to protect land, orchards, and houses 

• Change of occupation, migration 


2008; Smit and Pilifosova 2001). Examples of autonomous 
adaptation occurring in different sectors are discussed below 
to illustrate why and how some practices continue to be 
relevant and need policy support. Some sectors have more 
documented examples compared to others. 

Agriculture 

There is sufficient evidence from the HKH countries to 
conclude that farmers are already adopting a wide variety of 
autonomous strategies to adapt to a changing climate. To 
take a few examples: 

• In Pakistan, because of increased uncertainty in rainfall 
patterns, farmers have begun to change their cropping 
calendar and in some cases have even altered crop vari¬ 
eties. Some field-level studies have documented this 
practice in some districts in Southern Punjab and Sindh 
and have written policy recommendations. 4,5 

• In China, drought is compelling farmers to choose a crop 
that can adapt to the stress, is multifunctional, and at the 
same time gives better economic returns under such 


4 http:/Avww.lead.org.pk/lead/Publications/Thematic%20Agriculture% 

20LAPA.pdf. 

5 http://www.lead.org.pk/lead/Publications/Thematic%20Water% 

20LAPA.pdf. 


conditions. In addition, farmers are willing to increase 
investment in irrigation infrastructure and adopt 
water-saving technologies in response to climate change 
and the risk of increasing water scarcity (Wang et al. 
2010 ). 

• In hill and mountain districts of Nepal, mixing different 
varieties of beans and maize seeds is a very common 
risk-aversion strategy, because at least some of the 
genotypes survive extreme events and environmental 
stresses. Farmers also alter the sowing dates by a few 
days in different plots to distribute the risk of 
short-duration seasonal droughts during peak growing 
phases (Piya et al. 2012, 2013). People have developed 
different agroforestry practices to address frequent 
drought, landslides, and surface soil erosion, and have 
constructed cost-effective bamboo fencing to protect 
themselves from recurrent floods (ICIMOD 2007). 

• In the hills of Uttarakhand, India, farmers respond to 
changes in rainfall by shifting to less water-intensive 
crops and diversifying their sources of livelihood (Kelkar 
et al. 2008). Farmers in Sikkim have introduced crops 
(such as maize, cabbage, pumpkin, and carrot) that were 
previously unable to grow at high altitudes (Ingty and 
Bawa 2012). 

• In Myanmar’s mountain areas traditional rotating fallow 
system or shifting cultivation is the common adaptation 
of farmers. Terrace farming and irrigated farming from 
water flow of natural springs are also autonomous 
adaptation of hill tribes in Northern Shan. 
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Livestock/Pastoral 

• Pastoral communities in Nepal have been using various 
reactive and proactive adaptation techniques, such as 
changing grazing areas and transhumant routes 6 and 
reducing the length of stay at points en route when bio¬ 
physical conditions deteriorate; stall-feeding animals, 
growing fodder and forage, reducing herd size, and 
feeding crop stubbles, by-products, and hay to livestock 
during dry periods to cope with shortage of feed; pre¬ 
serving native breeds that bear ecological stresses; dig¬ 
ging ponds to store water for feeding animals; and 
moving animal sheds and houses or entire villages to new 
locations when people face or anticipate some ecological 
risks (Aryal et al. 2014; Banjade and Paudel 2008; 
Moktan et al. 2008). 

• Pastoralists in Sikkim, India, have responded to changes 
in snowfall and rainfall by replacing sheep with yak, and 
by collectively banning the slaughter and sale of sheep 
for a few years (Ingty and Bawa 2012). 

• In the Chinese context Li and Huntsinger (2011) 
observed how increasing land privatization and the 
institutionalization of rigid land tenure in the Inner 
Mongolia region have weakened traditional practices of 
pasture and herd management, and in the process reduced 
the resilience of pastoralists to cope with environmental 
crises like drought. The traditional common property 
regimes not only allowed for greater mobility over larger 
areas, which favoured the ecology of natural grasslands, 
but also offered the benefits of mutual aid and resource 
pooling (Cao et al. 2013). 

Water Resources 

• Water is emerging as the most important and pressing 
climate change impact in Bhutan, with drying sources 
being reported in many parts of the country (NEC 2011). 
Norbu and Kusters (2012) reported that small-scale farm¬ 
ers in Punakha Valley were coping with insufficient water 
for irrigation from traditional sources by pumping rivers. 

• In the hills of Nepal, villagers have constructed 
community-managed water tanks sourced from 
free-flowing natural springs for water storage and use 
during recurring dry seasons, which are reported to have 
intensified in recent years (Piya et al. 2012, 2013). 
However, with springs drying up, such a practice is at 
risk of losing relevance and possible alternatives may not 
be immediately clear to communities. 


6 A transhumance system is a strong institution developed to govern 
animal movements (redirection), prairie management, and rationaliza¬ 
tion of resources use in response to or anticipated biophysical and 
ecological changes. 


• In areas of northern Pakistan, glaciers provide water 
through slope-side channels. To overcome water defi¬ 
ciency local people practise artificial glacier grafting to 
create new glaciers. 7 

Forests 

• A community forestry programme in Nepal has mobi¬ 
lized communities to manage forest resources in a sus¬ 
tainable way. 8 Communities have adopted numerous 
practices to sustainably manage and benefit from the 
forest ecosystems, especially in times of stress such as 
crop failures and droughts. 

Disasters 

• Over the last few years, long and recurrent droughts in 
Nepal are making a vast tract of land untended, ulti¬ 
mately leading to substantive yield reduction in several 
districts across the country. People have responded by 
migrating to nearby urban centres. Labour migration is a 
prominent way of diversifying livelihoods and securing a 
source of income that is not affected by difficult local 
conditions and shocks. 

• In Sikkim, India, indigenous communities are coping 
with erratic rainfall and unseasonal floods and landslides 
by using local ecological knowledge and traditional 
techniques like riverbank retaining walls, terracing, and 
stabilizing slopes with native plants and rocks (Ingty and 
Bawa 2012). 

Urban Settlements 

• Recent research indicates that the urban poor (for 
example, slum dwellers) are aware of the adversities of 
climate change and are willing to undertake measures to 
mitigate the impacts. An example comes from outside the 
HKH region. In El Salvador, people living in 15 
disaster-prone slum areas invested at considerable cost to 
themselves in multiple strategies aimed at risk reduction, 
self-insurance and recovery (Wamsler 2007). Similarly, 
and closer to HKH, the wealthier households in the cities 
of India, Pakistan, and Vietnam have been observed to 


7 http://lib. icimod.org/record/12783/files/1081 .pdf. 

8 More than 25,000 community-based forest management groups across 
the country are directly engaged in managing about 30% of the 
country’s total forest area. These community-based organizations are 
not only contributing to sequestering carbon dioxide by sustainable 
management of forest resources, but also playing effective roles in 
designing and implementing CAPA based on forest and non-forest 
benefits (Nepal’s INDC, p. 4). 
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invest in housing improvements to adapt to floods, heat, 
and typhoons, respectively (Moench et al. 2015). 


13.2.2 Autonomous Adaptation May Be Unable 
to Manage New Risks and ‘Surprises’ 
from Climate Change 

Although individual and institutional efforts in adapting to 
climate change are under way, new challenges continuously 
emerge as “surprises” and many of them are difficult to 
tackle. Crop failures and life threats caused by new pests and 
diseases, long droughts, flash floods, GLOF, forest fires, 
thunderstorms, hail, and other disasters are becoming more 
unpredictable, irregular, and fierce. Very little is known about 
the ecological, social, economic, and political conditions 
required to adapt to such surprises and changes (Varma and 
Mishra 2017). According to the communities in the eastern 
Himalaya in India, traditional coping strategies enabled them 
to withstand environmental stresses, but it is not sufficient to 
fully insure them from the various threats of climate change 
likely to occur in the near future (Barua et al. 2014). 

Kusters and Wangdi (2013) argued that, as opposed to 
extreme events such as floods and GLOF, gradual changes 
such as changes in water supply can be overlooked. They 
reported that individual efforts by farmers in the Punakha 
region of Bhutan to adapt to changes in water supply were 
insufficient and required external support. They also argued 
that such gradual changes not only lead to loss of income but 
also impact social cohesion from increasing conflicts where 
water-sharing rights are being stressed. 

Autonomous adaptation within and across communities 
varies greatly. Systematic documentation of such responses is 
limited, and attempts at their scientific validation are rare. 
Moreover, autonomous adaptation is largely a response to 
current climate variability rather than to future climate 
change impacts. Even for current climate variability, there is 
often a time lag in autonomous response which may be 
explained by structural rigidities. There is also the role of 
“aspirations” as a driving force that can influence people’s 
decisions on whether to adopt autonomous adaptation mea¬ 
sures or, say, to migrate to cities when faced with adversity. 

Some autonomous adaptation practices in response to 
current climate variability can lead to ecosystem imbalance. 
Robledo et al. (2012) found that small-scale farmers in 
Tanzania rely heavily on forest resources for subsistence and 
income-generating activities. Consequently, their short-term 
coping practices of fuelwood cutting and selling, charcoal 
and craft making, and forest products hunting are not sus¬ 
tainable and can hasten deforestation. Such an observation is 
applicable to the HKH as well. 


13.2.3 Local Adaptation Knowledge Merits 
Greater Attention from Science 
and Policy 

In the HKH there are many instances of traditional institu¬ 
tions playing instrumental roles in managing common 
resources and sharing benefits accruing from it (Bawa et al. 
2008; Chaudhary 2011; Ostrom 1990). For instance, the 
indigenous system of managing local community land and 
natural resources including forests, water, and biodiversity is 
the Dzumsa system practised by Lachungpas of northern 
Sikkim, Na Zong Nyo by Lepchas of Sikkim, Kipat by Rai 
and Limbus, and Sok shing in Bhutan (Chettri et al. 2007). 
Kharka pratha (managing pastures), mahavir (bee cliffs), 
and customary laws for governing fishing are examples of 
indigenous practices in parts of the Kanchenjunga Land¬ 
scape (Khattri 2008). The winter grass cutting ceremony 
practised in the Kanchenjunga region to manage fodder 
supply is also a local institution evolved to manage forest 
resources (Brown 1994; Muller-Boker and Kollmair 2000). 
Pastoralists perform ubhauli (upward movement of herds) 
and udhauli (downward movement of herds) celebrations at 
certain times of the year before herds are moved from one 
location to another. Guthi is practised to collect and save 
grain in communal storage, to be used when crops fail fol¬ 
lowing epidemics and endemics. 

Current research on adaptation in the HKH largely 
ignores the local-level knowledge systems that are often 
repositories of traditional knowledge and resource manage¬ 
ment practices (Kreutzmann 2011; Manandhar et al. 2012). 
Traditional knowledge-based practices are clearly useful for 
adapting to the climate variability historically experienced 
by the communities. There is, however, a need for generat¬ 
ing evidence to establish that such knowledge systems are 
equally relevant when it comes to dealing with the uncer¬ 
tainty and “surprises” likely to arise from future climate 
change and its impacts. 

Blending tacit and scientific knowledge can play an 
instrumental role in generating location-specific and efficient 
adaptation innovations (Chhetri et al. 2012). Xu and 
Grumbine (2014) presented examples from the Asian high¬ 
lands of “hybrid” forms of adaptation that combine tradi¬ 
tional knowledge and bottom-up practices with top-down 
government-supported strategies, as an alternative to 
depending on traditional practices alone. In China’s Yunnan 
Province, farmers have been adapting to climate-driven 
water stress through a combination of local knowledge 
(changing planting patterns), market dynamics (switching to 
commercial crop varieties), and government support 
(state-funded water storage). From Bhutan, Nepal, and 
Pakistan there are examples of rural communities combining 
expert opinion on climate change impacts with local 
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knowledge, and engaging with non-govemmental organiza¬ 
tions (NGOs) for DRR and management. Xu and Grumbine 
(2014), however, also argued that the choice of such hybrid 
forms does not seem to follow detailed foresight and adap¬ 
tive planning, and that they are usually taken up randomly 
when conditions of climatic stress prevail. 


13.3 State-Led Planned Adaptation 
in the HKH 

The HKH countries currently have various adaptation 
responses at national and subnational levels through policies, 
programmes, and projects (Table 13.3). The majority of the 
national adaptation projects and programmes relate to water¬ 
shed management, climate-resilient agriculture, improved 
access to information for decision making, and DRR. 

13.3.1 Commonalities Among Policy Responses 
of National Governments 

In terms of the policy goal or vision there is a common 
emphasis across HKH countries on building resilience at the 
community level and in core economic sectors. Resilience in 
the agriculture sector is the first priority of Myanmar’s 
NAPA (2012). The 2011 Climate Change Policy of the 
Government of Nepal aims to build resilience of local 
communities by enhancing their capacities for efficient nat¬ 
ural resource management and use of climate-friendly 
technologies (MoE 2011). The 2012 National Climate 
Change Policy of the Government of Pakistan gives partic¬ 
ular attention to the needs of economically and socially 
vulnerable sectors of the economy for the success of 
climate-resilient development in the country (MoCC 2012). 

China’s 2013 National Strategy for Climate Change 
Adaptation aims to significantly enhance the country’s 
capacity to respond to extreme climatic events and thereby 
build resilience in key sectors ranging from human health to 
infrastructure (ADB 2015). The whole country is divided 
into three types of adaptation regions—urbanized, agricul¬ 
tural, and ecological—to undertake specific adaptation tasks. 
For example, in the Qinghai-Tibet Plateau, one of the five 
major ecological regions, the tasks include assessment of the 
plateau’s grassland-carrying capacity, grassland enclosure 
and recovery, glacier monitoring, wetland management, and 
development of highland valley agriculture. 

The immediate to short-term adaptation interventions 
identified in the national climate policies seem to revolve 
around strategic knowledge generation accompanied by 
public awareness and institutional capacity building. For 
instance, Bhutan’s adaptation interventions through the 


NAPA 1 and NAPA 2 projects focus on reducing the 
physical risk of climate-induced disasters such as GFOF, 
landslides, flash floods, and forest fires, and strengthening 
capacity at national and local levels in early-warning sys¬ 
tems and disaster risk management. Fivelihoods and agri¬ 
culture at the district and community levels have also been 
the focus of recent interventions. The national strategy and 
adaptation priorities for Bangladesh focus on reducing the 
risk of climate-induced hazards and extreme events through 
improved early-warning systems for tropical cyclones, 
floods, flash floods, and droughts. The priorities also include 
sector-specific climate-resilient interventions and capacity 
building at individual and institutional levels to plan and 
implement adaptation programmes and projects in the 
country. 

Governments in the HKH have started to integrate and 
mainstream climate change in their development planning 
and budgeting systems (Ahmed et al. 2018). The establish¬ 
ment of a trust fund in Bangladesh and climate change 
budget code in Nepal are some examples of these main- 
streaming efforts. Afghanistan, Pakistan, Bhutan, and China 
have also devised policy measures to integrate climate 
change within ongoing sectoral policies and strategies. 
Bangladesh’s adaptation priorities are well integrated into 
development plans, and development priorities are discussed 
in the context of climate change adaptation (Saito 2012). 
Bhutan has been integrating environment and climate 
change into development planning, with climate change 
identified as one of the national key result areas of the 11th 
Five-Year Development Plan (2013-18) and in planning at 
sectoral and decentralized levels through the Poverty Envi¬ 
ronment Initiative. As indicated in the country’s NDC, 
adaptation will be a focus in the next development plan, and 
the integration of adaptation planning into the development 
process will be pursued through the NAP process. 

There are indications of policy convergence in HKH 
countries although implementation continues to be sectoral. 
The majority of the national commitments in the NDCs of 
Bhutan, India, Pakistan, Nepal, Bangladesh, and Myanmar 
have included sectoral policy targets, and many of the sec¬ 
toral policies in these countries—such as agriculture, for¬ 
estry, water resources, and energy—are strongly interlinked 
with climate change policies and programmes. Thus, for 
instance, the National Integrated Water Resources Manage¬ 
ment Plan 2016 for Bhutan integrates climate change mea¬ 
sures into actions and strategies. The main integration 
component of the Plan is the Bhutan Water Security Index 
(BWSI). The BWSI will be the basis for measuring water 
security and for coordinating planning and performance 
monitoring of water resource management across various 
agencies. Disaster and Climate Resilience is one of the five 
key dimensions used to calculate the BWSI. 
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Table 13.3 Status of government response to adaptation needs in HKH countries 


Country 

Key adaptation response at policy level and implementation highlights 

Afghanistan 

Policy response: National CCSAP (being finalized); NAPA for Climate Change (NAPA 2009) and National Capacity Needs 
Self-Assessment for Global Environmental Management in 2009. Integration of climate change in policies and plans (e.g., National 
Environmental Action Plan) 

Implementation highlights: Support provided by international community and multilateral agencies; GEF has provided support 
through enabling activities, mid-size projects, and full-size climate change adaptation projects funded by the LDC Fund 

Bangladesh 

Policy response: Bangladesh CCSAP in 2009, BCCTF and Bangladesh Climate Change Resilience Fund; NAPA in 2005 (revised 
in 2009); adopted a policy decision by an interministerial body to mainstream climate change in project design of any project under 
ADP, to be guided and coordinated by the Ministry of Planning 

Implementation highlights: Adaptation projects targeting different sectors and vulnerable geographic areas (e.g., coastal 
afforestation, pilot programme on climate resilience). Over the last three decades, the GOB has invested over USD 10 billion (at 
constant 2007 prices) to make the country more climate resilient and less vulnerable to natural disasters. In recent times GOB has 
been investing about 23% of its ADP in projects related to climate variability and change. By June 2015 BCCTF had funded over 
236 projects of which 41 had been implemented 

Bhutan 

Policy response: NAPA (2006) and updated project profiles (2012), assessments of capacity needs for climate change, and 
technology needs assessment for adaptation (2013), initiation of national Climate Change Policy in 2016. Framework to 
mainstreaming environment, climate change and poverty concerns into Five Year Plan (2013-18), the Integrated Water Resources 
Management Plan 2016, the National Action Program to Combat Land Degradation 2014, and the National Biodiversity Strategy 
and Action Plan 2014 

Implementation highlights: Urgent adaptation priority projects such as GLOF risk reduction; reducing risk of landslides and flash 
floods in key economic and industrial zones; strengthening national capacity for early warning for GLOF, flash floods, and weather 
forecasting; pilot projects in agriculture, forestry, and capacity building of local and community disaster management groups 

China 

Policy response: National Program on Climate Change, 2014-15; Action Plan for Energy Conservation, Emission Reduction and 
Low-Carbon Development; National Plan on Climate Change (2014-20); National Strategy for Climate Adaptation, Science and 
Technology Actions on Climate Change 

Implementation highlights: Climate adaptation plans and activities in key sectors such as agriculture, water resources, terrestrial 
ecosystems, coastal zone and regions, and human health 

India 

Policy response: NAPCC 2008 under which there are 10 National Missions; seven missions focus on adaptation in sectors like 
agriculture, water, Himalayan ecosystems, forestry, health, coastal areas, and knowledge management. State Action Plans on 
Climate Change prepared to mainstream climate change concerns at subnational level, National Adaptation Fund for Climate 
Change (NAFCC) set up in 2015, Indian Network for Climate Change Assessment (INCCA) set up in 2010 

Implementation highlights: India’s expenditure on programmes with critical adaptation components increased from 1.45% of 
GDP in 2000-01 to 2.82% in 2009-10. Expenditure on human capabilities and livelihoods (poverty alleviation, health 
improvement and disease control, and risk management) constitutes more than 80% of total expenditure on adaptation in India 

Myanmar 

Policy response: Draft Myanmar CCSAP 2016, Myanmar Action Plan on Disaster Risk Reduction (MAPDRR 2012), NAPA 
submitted to UNFCCC in 2012 

Implementation highlights: Myanmar Climate Change Alliance established in 2013, ongoing major projects funded by the 
Adaptation Fund and GEF (e.g., “Building Resilience and Adaptation to Climate Extremes and Disasters” (BRACED) Myanmar 
Programme launched in March 2015; project on “Addressing Climate Change Risks on Water Resources and Food Security in the 
Dry Zone of Myanmar”; and project on rehabilitation and restoration of degraded land and reserved forest through community 
participation) 

Nepal 

Policy response: Launch of NAP formulation process in 2015, Climate Change Budget Code 2012, Climate Change Policy 2011, 
National Framework on LAPA 2011, NAPA 2010 

Implementation highlights: Nepal Climate Change Support Programme, Community-based Flood Risk and GLOF risk reduction 
programme, Ecosystem-based Adaptation Programme, Hariyo Ban Project (climate adaptation component), and Multi-stakeholder 
Forestry Programme (adaptation co-benefits) under various stages of implementation. The Pilot Program for Climate Resilience 
(PPCR) is ongoing, comprising: (i) Building Climate Resilience of Watersheds in Mountain Eco Regions; (ii) Building Resilience 
to Climate Related Hazards; (iii) Mainstreaming Climate Change Risk Management in Development; and (iv) Building Climate 
Resilient Communities through Private Sector Participation. Climate Change Knowledge Management Centre established 

Pakistan 

Policy response: Pakistan Climate Change Act (2017), The 2013 Framework for Implementation of the Climate Change Policy for 
2014-30, National Climate Change Policy and National Disaster Risk Reduction Policy (2012), 18th Amendment to the 
Constitution on devolution of responsibilities for climate action to subnational level 

Implementation highlights: State implementing projects on disaster risk management and climate resilience practices in 
agriculture. Also efforts by Government of Pakistan to win two Green Climate Fund projects focusing on mountain communities 
and GLOF. Specific budgetary allocations at national and subnational levels for execution of the 2013 Framework illustrate efforts 
towards mainstreaming of climate actions. Efforts by the Lahore High Court to oversee the implementation by government 
departments on priority areas identified under various sectors in the framework for the implementation of climate change. The 
Climate Change Act mandates the establishment of three important institutions: the Pakistan Climate Change Council, the Pakistan 
Climate Change Authority, and the Pakistan Climate Change Fund 


ADP, Annual Development Plan; BCCTF, Bangladesh Climate Change Trust Fund; CCSAP, Climate Change Strategy and Action Plan; GEF, Global 
Environmental Facility; GLOF, glacial lakes outburst floods; GOB, Government of Bangladesh; LAPA, Local Adaptation Plans for Action; LDC, 
Least Developed Countries; NAPA, National Adaptation Programme of Action; NAPCC, National Action Plan on Climate Change; UNFCCC, United 
Nations Framework Convention on Climate Change 
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The majority of the adaptation interventions in Nepal, 
Bhutan, and Myanmar are being guided by their respective 
NAPA, which by design are meant to focus on current and 
immediate threats, and to address these rapidly without 
waiting for lengthy assessment of long-term potential 
impacts. An anticipatory response to adaptation is reflected 
in the emphasis on installation of early-warning systems and 
structural interventions for DRR through some of the NAPA 
priorities/projects. Thus, for instance, in Bhutan and Nepal, 
the government is improving infrastructural adaptation by 
lowering glacier lake levels and deepening river channels, 
and installing early-warning systems (Adger et al. 2007; 
Hijioka et al. 2014; Mimura et al. 2014). Early-warning 
systems have been developed for extreme weather events 
such as flooding and wildfires (Molden et al. 2016; Shrestha 
et al. 2015) at many places in the HKH. In Bhutan, 
early-warning systems are being tested in infectious disease 
prevention and vector control programmes, as for malaria 
(Wangdi et al. 2010), and the network of hydrometeoro¬ 
logical stations is being strengthened to increase national 
capacity to provide early warning for various 
climate-induced disasters. Sustainable land and watershed 
management interventions are also being emphasized for the 
anticipatory approach to providing adaptation benefits. 9 In 
China, the government has attempted to reduce climate 
vulnerability and impact by adopting adaptation options of 
early planting, fixing variety growing duration, and late 
planting (Tao and Zhang 2010). India’s Integrated Agro 
Meteorological Advisory Service programme has provided 
climate information services to farmers (Tall et al. 2014). 
Generally, there is a need to strengthen institutional capacity 
in the HKH countries for more and better anticipatory 
planning on adaptation. 

Building climate resilience in urban areas is emerging as 
an extremely critical agenda, given the key roles of these 
areas for larger socioeconomic and political progress, and 
overall development of HKH countries. Cities are hotspots 
of population and infrastructure, and thus extremely vul¬ 
nerable and at risk (Birkmann et al. 2010; Revi et al. 2014). 
The IPCC AR5 concludes with “very high confidence” that 
urban climate change-related risks are increasing, with 
widespread negative impacts on people, economies, and 
ecosystems. The report warns about amplified risks for 
people living in informal settlements, hazardous areas, and 
in areas lacking essential infrastructure and services (Revi 
et al. 2014). Such a warning is of particular relevance to the 
growing urban settlements in the HKH, especially because 
local governments in the region lack the institutional 


9 Ministry of Agriculture and Forests 2014, in National Action Program 
to Combat land Degradation 2014 and the National Biodiversity 
Strategy and Action Plan 2014. 


capacity to deal with the twin problems of climate change 
and providing for rapidly increasing migration into cities 
(and thus growth of the urban poor). There are some 
encouraging examples, though, and the city of Chittagong in 
Bangladesh provides a good example for planned adaptation 
by the government. Situated on the Bay of Bengal, the city is 
frequently prone to cyclones and high tides, and institutional 
mechanisms have been building the city’s responsive 
capacity, despite being constrained by financial limitations. 
During periods of non-disaster the City Corporation Disaster 
Management Committee formulates preparedness activities 
such as establishing mechanisms for forecast dissemination, 
drills, and shelter preparation. During times of disaster they 
are able to recruit more members and respond quickly, thus 
increasing efficiency (Tanner et al. 2008). 

A systematic review of national-level climate policy 
documents in the HKH reveals that they all aim to build the 
adaptive capacity of people by means of providing liveli¬ 
hood security in the face of climate change risks; in practice, 
two-thirds of a total of 21 adaptation projects reviewed in the 
study were found to be focused on disaster risk management 
and capacity building (Sud et al. 2015). While this may be 
an indication of policy-practice disconnect, Ford et al. 
(2014) are right in cautioning that there are many undocu¬ 
mented adaptation actions and many others possibly built 
into existing mainstreamed programmes to address devel¬ 
opment priorities. Some adaptation practices may provide 
unexpected livelihood benefits, such as the introduction of 
traditional flood mitigation measures in China leading to 
reductions in both the physical and the economic vulnera¬ 
bilities of local communities (Yu et al. 2009). 

Research into field-level evidence shows that 
government-run adaptation efforts in the South Asia region 
are mostly extensions of business-as-usual activities, which 
might be inadequate in the long run to meet adaptation needs 
under the post-NDC global emission regime (Ahmed et al. 
2018). Exceptions, like GLOF risk mitigation projects, are 
rare. An enhanced and intensified adaptation response is 
needed in these countries, and particularly in the mountain 
regions, to reduce gaps between growing adaptation needs 
and actual adaptation delivery. 

13.3.2 HKH Countries Have High-Level Polities 
to Coordinate Decentralized 
Government Action on Climate Change 

The overall governance for climate change in Pakistan is 
under the Prime Minister’s Committee on Climate Change, 
an overarching body formed in 2004. Pakistan was also one 
of the first countries to set up a Ministry of Climate Change, 
in 2012. The Pakistan Climate Change Act (17 March 2017) 
envisages an overarching Pakistan Climate Change Council 
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headed by the Prime Minister of Pakistan, with representa¬ 
tion of subnational governments at the Chief Ministerial 
level. The new law also envisages establishment of a 
high-powered Pakistan Climate Change Authority and Pak¬ 
istan Climate Change Fund. 

India’s Prime Minister’s Council on Climate Change and 
Nepal’s Climate Change Council, also headed by the Prime 
Minister, were established in 2007 and 2009, respectively. In 
Bhutan the high-level National Environment Commission, 
which is the highest decision-making body in the govern¬ 
ment on matters related to environment and is chaired by the 
Prime Minister, functions as the National Climate Change 
Committee. 

In 2007 the Chinese government set up the National 
Leading Group (NLG) to Address Climate Change, headed by 
the Chinese premier, to draw up important strategies, policies, 
and measures related to climate change. The National 
Development and Reform Commission (NDRC) under the 
State Council was vested with the authority to undertake the 
general work in respect of climate change. In 2008 a depart¬ 
ment was established in the NDRC, responsible for organizing 
and coordinating action on climate change all over the coun¬ 
try. The Department of Climate Change was transferred to the 
Ministry of Ecology and Environment (MEE) in 2018. 

Given the federal structure of government in most HKH 
countries, there is a trend towards decentralization of gov¬ 
ernment action on climate change in the region. Soon after the 
approval of Pakistan’s 2012 climate policy, a constitutional 
amendment (18th Amendment) delegated most of the action 
areas to the provincial governments. This constitutional 
amendment meant that the provinces had to begin to develop 
their own projects, allocate their own resources, and 
strengthen their own institutions. Responding to the challenge, 
Khyber Pakhtunkhwa, Punjab, and Sindh have started devel¬ 
oping their own climate change policies and action plans. 

In China, the governance system and working mechanism 
to address climate change features the unified leadership of 
the NLG, administration by the MEE and NDRC, division of 
work among relevant departments under the State Council, 
and wide participation of various localities and industries. 
All provinces, autonomous regions, and municipalities 
directly under the State Council, as well as some sub¬ 
provincial or prefectural cities, have established their own 
institutional mechanisms to address climate change. 

In India, subnational policy making has resulted in State 
Action Plans on Climate Change that identify adaptation 
interventions relevant to the local context. A number of 
adaptation projects in Indian Himalayan states are being 
funded by India’s National Adaptation Fund. 

The trend towards decentralized policy making on 
adaptation is justified on the grounds that the response to 
climate change impacts has to be at the local level. However, 
there is little understanding and research happening 


regarding the ideal distribution of adaptation responsibilities 
among various levels of government. An important aspect of 
decentralization on adaptation is the extent and nature of 
decentralized access to adaptation finance by provincial and 
local governments. As Table 13.4 shows, two HKH coun¬ 
tries (India and Bangladesh) have established statutory 
funding mechanisms for the flow of adaptation finance to 
local levels of governance; in some others (Bhutan, Ban¬ 
gladesh, Nepal) there is access to international sources. 

13.3.3 Public Consultation and Stakeholder 
Engagement in Adaptation Planning 
and Implementation Is Very Uneven 
Among the HKH Countries 

Effective adaptation interventions require harnessing syn¬ 
ergies among various government schemes along with 
stakeholder involvement in monitoring and evaluation of 
policy implementation (Sud et al. 2015). Stakeholder 
engagement strategies are a crucial aspect of adaptation 
interventions (Sherman and Ford 2014). However, public 
consultation and stakeholder engagement in adaptation 
planning and implementation is highly uneven and, more 
often than not, ad hoc within HKH countries. For instance, it 
has been pointed out that in Nepal the NAPA consultations 
may have missed out on opportunities to promote inclusive 
climate change responses, particularly to accommodate the 
concerns of diverse community groups in the country (Ojha 
et al. 2015). 

There are examples showing that in the absence of col¬ 
laboration among local stakeholders and national actors, 
many of the adaptation measures failed to deliver and instead 
led to maladaptive practices (Regmi and Star 2015). Lack of 
participation can also create mistrust and lack of ownership, 
leading to new forms of exclusion or reinforcing existing 
exclusions. Analysis of relevant literature suggests that 
adaptation planning that relies heavily on select institutions 
and actors, and powerful social structures at the local level, is 
likely to create new inequalities. Regmi et al. (2016) in their 
study of community adaptation planning in Nepal found that 
in the presence of elite domination of local institutional 
mechanisms there is no guarantee that poor and vulnerable 
households will benefit from adaptation interventions. There 
is instead a new form of dependency of the marginalized 
groups on the local elites for receiving benefits from the 
projects or programmes. Nagoda and Nightingale (2017) 
argue that, in Nepal, there is the risk of climate change 
adaptation projects reinforcing power relations that perpetuate 
the vulnerability context. The case studies of adaptation 
planning in other LDCs and developing countries also illus¬ 
trate how even participatory methods can fail to genuinely 
empower or involve marginal communities in adaptation 
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Table 13.4 Local funding mechanisms for adaptation 


Funding mechanism 

Managed by 

Nature of support 

Purpose 

Mechanism 

National Adaptation 

Fund for Climate 

Change (NAFCC), India 

Ministry of 

Environment, Forests 
and Climate Change 
(MoEF&CC), 

Government of India 

Projects 

To promote subnational 
level adaptation 
activities and good 
practices across the 
country 

Grants are disbursed to 
state agencies and civil 
society organizations 
based on the needs and 
priorities identified 
under the National and 
State action plans 

The Local Climate 

Adaptive Living Facility 
(LoCAL), International 
(HKH countries having 
LoCAL—B angladesh, 
Bhutan, Nepal) 

United Nations Capital 
Development Fund 
(UNCDF) 

Projects 

To integrate climate 
change adaptation into 
local governments’ 
planning and budgeting 
systems, increase 
awareness and response 
to climate change at 
local level, and increase 
the amount of finance 
available to local 
governments for climate 
change adaptation 

LoCAL combines 
performance-based 
climate resilience grants, 
which ensure 
programming and 
verification of climate 
change expenditures at 
the local level, with 
technical and 
capacity-building 
support 

Bangladesh Climate 

Change Trust Fund 
(BCCTF) 

An independent trustee 
board chaired by 
ministry of environment 
and forests, government 
of Bangladesh 

Projects 

To support the 
implementation of 
Bangladesh’s Climate 
Change Strategy and 

Action Plan (CCSAP) 

Grants disbursed 
through line ministries 

Bangladesh Climate 

Change Resilience Fund 
(BCCRF) 

Government of 

Bangladesh with 
technical assistance 
from the World Bank 

Projects and responding 
to emergency needs 

To support the 
implementation of 
Bangladesh’s Climate 
Change Strategy and 

Action Plan (CCSAP) 

Grants disbursed 
through line ministries 

Bangladesh Local 

Disaster Risk Reduction 
Fund (BLDRRF) 

Technical committee 

Small and medium-size 
projects 

To support the most 
vulnerable communities 
through NGOs and 

Union Disaster 

Management 

Committees 

Grants disbursed based 
on risk reduction action 
plans 


interventions, in both top-down and bottom-up approaches 
(Dodman and Mitlin 2013; Sherman and Ford 2014). 

Regmi et al. (2016) suggested that local institutions could 
be made more accountable and responsive to vulnerable 
households by devolving decision-making power to these 
households and ensuring inclusive provisions in member¬ 
ship, representation, and resource allocation. Wong (2010) 
suggested that success in dealing with elite capture lies in the 
flexible use of “counter-elite” and “co-opt-elite” approaches, 
together with addressing the need to secure alternative 
livelihoods and to achieve empowerment for the poor. 

The multi-stakeholder-led LAPA process in Nepal is 
considered to be a successful model for mobilizing local 
institutions and community groups in adaptation planning 
and recognizing their role in adaptation. This LAPA 
framework was developed with the participation and support 
of government, development partners, and civil society 
organizations. Adaptation investments were costed by the 


Government of Nepal and integrated into annual budget 
plans and resource mobilization strategies (Maharjan and 
Maharjan 2017). At present, Nepal is implementing LAPA 
in 90 village development committees and seven munici¬ 
palities (the lowest administrative units in the country). 
Similarly, about 375 local adaptation plans and nearly 2,200 
Community Adaptation Plans of Action for community 
forests have been developed (Nepal’s NDC:6). The experi¬ 
ence of making LAPA in Nepal can be considered a repli¬ 
cable model of a bottom-up approach to adaptation planning 
for mountain communities. 

Pakistan, on the other hand, has implemented LAPA at the 
state and local levels through the support of NGOs. An anal¬ 
ysis of LAPA in Nepal and Pakistan concluded that Nepal’s 
focus on official formalization of the process has come at the 
cost of delayed implementation, while Pakistan’s devolved 
implementation-centric approach lacks official buy-in to 
nationally scale up the LAPA (Chaudhury et al. 2014). 
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13.3.4 Limited Tailored Response to Gender 
and Social Inclusion 

Some HKH countries have national-level climate policies 
that explicitly identify the most vulnerable groups (indige¬ 
nous peoples, migrants, and women, for instance), but very 
few that seek to address their specific adaptation needs 
through tailored responses (see Box 13.2). 

Box 13.2 Country policies and treatment of 

marginalized people 

• Pakistan’s National Climate Change Policy 2012 
explicitly provides for ensuring the rights of 
indigenous people in the management of rangeland 
and pastures. It also has detailed provisions for 
mainstreaming gender perspectives into climate 
change adaptation, ensuring women’s participation 
in decision making on climate initiatives, and using 
the indigenous knowledge of women in climate 
adaptation (MoCC 2012) 

• Nepal’s Climate Change Policy 2011 provides for 
the participation of indigenous communities and 
women in the implementation of climate 
change-related programmes, and identifies the 
importance of traditional knowledge in climate 
adaptation (MoE 2011). Gender is explicitly 
included as a cross-cutting theme in Nepal’s 
NAPA, and gender-differentiated information was 
collected through participatory approaches during 
its formulation (Mainlay and Tan 2012). In the 
ongoing NAP process, gender and social inclusion 
is a cross-cutting theme 

• Although India’s NAPCC does not explicitly 
mention indigenous peoples, the National Mission 
for Sustaining the Himalayan Ecosystem under 
NAPCC addresses the importance of traditional 
knowledge and community-based natural resource 
management in the Indian Himalaya (NAPCC 
2008). India’s NAPCC recognizes the differential 
impacts of climate change with respect to gender, 
but incorporates only a few gender-specific mea¬ 
sures in any of its national missions (Parikh et al. 
2012) 

• Bangladesh’s Climate Change Strategy and Action 
Plan (CCSAP) identifies women as a special cate¬ 
gory of vulnerable group and has special pro¬ 
grammes for incorporating gender consideration 
into climate change management. Within the HKH 
countries, it is the only climate change policy 
document that addresses the issue of climate-led 


forced displacement. The document has provisions 
to build the capacity for education and training of 
environmentally displaced people to ease and 
facilitate their migration and integration into new 
societies (MoEF 2009) 

• Myanmar’s CCSAP (2016) specifies implementa¬ 
tion plans for poor and landless households in 
vulnerable areas of dry zone, delta, mountain, and 
coastal areas in terms of initiating eco-friendly 
crops, bioenergy schemes, and livelihood diversi¬ 
fication activities (MoNERC 2016) 


Studies from Nepal and India have reported local cultural 
and institutional factors that act as barriers to adaptation, 
particularly for women (Ahmed and Fajber 2009; Jones and 
Boyd 201 1). Because of women’s limited ownership of land, 
they are still largely excluded from training, extension ser¬ 
vices, irrigation management, and development schemes 
intended for farmers (Gioli et al. 2014). Despite the policy 
provisions, realizing adaptation goals for women and socially 
marginalized groups in the HKH is likely to be very chal¬ 
lenging unless there is urgent and more targeted action on the 
ground to strengthen and improve their access to and control 
over productive assets, access to formal and non-formal 
education, mobility, and opportunities to generate income. 

13.3.5 Implementing Adaptation Programmes 
Is Challenged by Institutional Inertia 
and Inadequate Institutional Capacity 

At both national and subnational levels, HKH countries have 
weak institutional capacity to deal in an effective and timely 
manner with climate change impacts. Major gaps exist 
between policy targets and actual implementation of adap¬ 
tation programmes. 

Most institutional capacity needs are related to access to 
information, knowledge, and resources. National govern¬ 
ments have recognized the seriousness of climate change and 
have submitted NAPA, but significant scientific knowledge 
and data gaps remain (Davis and Li 2013). Li et al.’s (2012) 
assessment of adaptation knowledge needs for China con¬ 
cluded that there is need for a knowledge support system to 
generate, communicate, and manage climate change 
knowledge and information in support of policy- and 
decision-making processes at all levels. In the case of India 
there are financial, technological, and knowledge gaps in 
adaptation, as well as capacity building and institutional 
needs (Garg et al. 2015). 
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The most pervasive of barriers relate to poor coordination 
within and between organizations responsible for planning 
and implementing adaptation actions, and a lack of (or 
irrelevant knowledge/information on) climate change, as 
well as ineffectual communication between stakeholders 
involved in adaptation actions (Spires et al. 2014). In Ban¬ 
gladesh, the limited access of local governments to resources 
has been cited as a barrier to local adaptation (Christensen 
et al. 2012). Local planners can find it difficult to negotiate 
the complexity of adaptation without adequate access to 
guiding information on vulnerabilities and potential impacts. 
Local institutions are affected by lack of coordination with 
state and national policies and priorities, as well as by absent 
cross-cutting institutional coordination that is weakening 
environmental governance processes in the region (Tiwari 
and Joshi 2015). 

A context-independent “one-size-fits-all” approach to 
adaptation interventions, and poor implementation, has the 
potential to result in failure and even maladaptation. Clas¬ 
sifying maladaptation is complex, as the effects of adaptation 
interventions may be spread over time and geography, and 
across sectors and generations. A few examples that may 
illustrate potentially maladaptive impacts of adaptation 
strategies in the HKH are: 

a. In the Humla region of Nepal, adaptation strategies were 
focused on planting drought-resistant crop varieties, 
which did contribute to reduced climate risk at household 
and community levels. However, this also led to the 
reinforcement of gendered roles in agricultural work and 
resulted in increased pressure for girls to be removed 
from schooling. A more gender-sensitive response to 
climate change could have contributed to overall welfare 
(Onta and Resurreccion 2011). 

b. In India and Pakistan, electricity subsidies for pumping 
groundwater are potentially maladaptive as it can over 
time lead to aquifer depletion in the absence of strong 
institutions governing access and water abstraction 
(Jones et al. 2015). 

c. Excessive use of pesticides is prevalent in China and, as a 
consequence, food production has had a negative impact 
on health, costing around USD 1.4 billion per year. It has 
also adversely affected farm and off-farm biodiversity 
(Norse et al. 2001 cited in Rasul and Sharma 2016). 


13.4 Adaptation Initiatives by Non-state 
Actors Shaping Practice in the HKH 

Non-governmental actors working on climate change adap¬ 
tation comprise a wide range of stakeholders including 
international and national NGOs, civil society organizations, 


community-based organizations, private business, and 
media. The initiatives by non-governmental actors are of 
paramount importance, because they are expected to com¬ 
plement, build synergy, and leverage resources with gov¬ 
ernment programmes. Presently there is great diversity 
among such initiatives in the HKH. 

13.4.1 Multiple Actors and Approaches, 
but Little Synergy 

In many parts of the HKH it is common that, although a 
number of NGOs may be working on similar 
adaptation-related issues, more often than not there is very 
little functional collaboration, coordination, and communi¬ 
cation among the actors. This results in isolation, redun¬ 
dancy, and duplication of interventions, and inefficient 
resource utilization. It has been observed that NGOs follow 
frameworks and approaches to adaptation that are often 
similar with respect to goals, tools used, envisioned actors 
and stakeholders, and design elements. For instance, 
climate-smart agriculture (CSA) is being promoted by more 
than a dozen international and national NGOs in Nepal to 
adapt to climate-led challenges in agriculture, but each tends 
to adopt or modify their home-grown practices, and little 
effort is made to cross-fertilize the ideas (Bhatta et al. 2016). 

The frequently used frameworks and approaches in the 
HKH include sustainable livelihoods framework, 10 
community-based adaptation 11 (CBA), and ecosystem-based 
adaptation 12 (EBA). CSA, 13 climate-smart villages, and 
climate-compatible development adaptation are also con¬ 
cepts that have come to be used in recent years. Adaptation 
interventions based on these approaches are generally 
motivated by the argument for “no or low regrets” actions, 
which are good options regardless of the need to adapt to 
climate change. Thus, for example, CSA makes sense with 


10 This framework considers financial, social, physical, human, and 
natural capital (Brooks and Adger 2005). 

n CARE uses climate-resilient livelihoods, disaster risk reduction, 
capacity building, and addressing underlying causes of vulnerability as 
the core themes of its community-based adaptation framework (http:// 
careclimatechange.org/wp-content/uploads/2015/04/CBA_Framework. 
pdf). 

12 Payment for ecosystem services is widely piloted in the HKH as an 
EBA approach. Park and Alam (2015) give the example of EBA 
focused on agro-forest-based adaptation practices to build ecosystem 
and community resilience in Nepal. 

13 The term CSA was coined by the Food and Agriculture Organization 
(FAO) at the Hague Conference on Agriculture, Food Security, and 
Climate Change in 2010. It is defined as agriculture that “sustainably 
increases productivity, enhances resilience, reduces/removes green¬ 
house gas emissions, and enhances achievement of national food 
security and development goals” (FAO 2010). Various international 
and national NGOs have been implementing the CSA concept in the 
HKH (ICIMOD 2015; LI-BIRD 2015). 
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or without climate change: building more productive and 
resilient agriculture systems will also increase resilience to 
climate change. 

Bangladesh is possibly the global leader in pioneering 
people-centric, small-scale adaptation initiatives, which are 
generally planned and executed by non-state actors. The 
pioneering role of an early initiative called Reducing Vul¬ 
nerability to Climate Change (RVCC), implemented by 
CARE Bangladesh with numerous partner organizations 
including local government and non-governmental partners 
between 2002 and 2005, laid the foundation towards 
designing and delivering concepts such as CBA and EBA 
(Ahmed 2010). Although the pilot-scale project was imple¬ 
mented in the southwestern region of Bangladesh, the con¬ 
cepts have been further examined, extended, and tested 
repeatedly by both non-state and government actors across 
Bangladesh, and gradually across more than 70 countries. 14 

As a result of the early successes of CBA methodology 
and efforts, the Government of Bangladesh allocated about 
10% of its climate financing to engage non-state actors 
towards further refinement of CBA activities. Such activities 
encompass micro-level agricultural adjustments to ensure 
continuation of crop production in climate-affected areas by 
adopting hazard-tolerant crops, adjusting crop calendars 
based on early signs of climate trends, replicating advanced 
agronomic practices, and enhancing farmers’ skills to switch 
to livelihood practices that are not directly affected by cli¬ 
mate variability or change. Moreover, CBA activities 
embrace small-scale water management practices, DRR 
practices, and creation of protection measures either to 
reduce vulnerability by reducing exposure to known 
climate-induced hazard(s) or to reduce sensitivity to such 
known hazards (Ahmed 2010). Although such measures are 
gaining rapid popularity among users (because of their rel¬ 
ative simplicity to replicate at low cost), as well as among 
non-state actors, it is argued that they might not be adequate 
in ensuring resilience of affected communities to such a 
considerable extent that the remaining vulnerability appears 
only negligible (Ahmed et al. 2018). 

In China, numerous innovative and indigenous 
ecosystem-based approaches to adaptation have been imple¬ 
mented all over the country. In this regard, the Chinese 
Ecosystem Research Network (CERN) established by the 
Chinese Academy of Sciences (CAS) in 1988 provides sub¬ 
stantial best practices that are collected and documented 
during its long-term investigation and management of typical 
ecosystems in China. Demonstration efforts (Table 13.5) 
have been made to improve low-yield croplands on the North 


14 Since 2007 the London-based International Institute for Development 
Studies and the Dhaka-based Bangladesh Centre for Advanced Studies 
have been organizing annual CBA conferences and helping global 
extension of good lessons learnt. 


Table 13.5 Major technologies and demonstration models for 
ecosystem-based adaptation by the Chinese Ecosystem Research 
Network 


Demonstration model 

Key issues of the ecoregion 

Qianyanzhou Model (forest 
ecosystem) 

Comprehensive, controlled and 
agriculturally sustainable 
development in hilly areas, 
south China 

Technology for saline-alkali 
soil treatment (cropland 
ecosystem) 

Comprehensive treatment of 
middle- and low-yield fields on 
the Huanghuaihai Plain, north 
China 

Zhifanggou Model (cropland 
ecosystem) 

Water and soil loss and 
ecosystem restoration on the 
Loess Plateau 

“1/10 Functional Replacement” 
Model for Degraded Grassland 
Restoration (grassland 
ecosystem) 

Adaptive management and 
sustainable development of the 
Xilingol grassland, north China 

Shapotou Model for 

Desertification Combating 
(desert ecosystem) 

Construction of sand-fixing 
vegetation protection system in 
arid sand area, northwest China 

“Three Ring” 

Ecology-Production Paradigm 
of Ordos Plateau (desert 
ecosystem) 

Sustainable management of 
desertified land on the Ordos 
Plateau, north China 

Technology for Water 

Remediation (lake ecosystem) 

Treatment of eutrophication and 
algal blooms of freshwater 
lakes, Yangtze River Delta 

Model of fenced grassland and 
artificial grassland (grassland 
ecosystem) 

Wise use of natural grassland 
and seasonal optimization of 
livestock structures on the 
Qinghai-Tibetan Plateau 


Source Chinese Ecosystem Research Network Annual Report 2012 (in 
Chinese) 


China Plain, soil and water conservation on the Loess Plateau, 
revegetation of hilly regions in southern China, rehabilitation 
of eutrophic lakes, protection and recovery of natural vege¬ 
tation in ecologically fragile areas such as desertified areas, 
karst systems, agro-pasture ecotones, and permafrost. 

13.4.2 Scaling up and Sustainability: Challenges 
Common to Projects Implemented 
by NGOs 

Projects implemented by NGOs are too spread out, small 
scale, short term, and often embarked upon as piloting, 
testing, and experimentation, with little chance of being 
scaled up after project funding ends. The support is not 
adequate to reach out to a large number of households and 
make a real lasting impact on a wide scale. The technologies 
and practices to be promoted are poorly scaled up, partly 
because the projects are rarely integrated into government 
programmes. On the other hand, scalability via traditional 
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government or civil society implementation is limited 
because of institutional inertia and capacity constraints. 
A recent assessment of adaptation projects in the rainfed 
agriculture sector in India highlighted four fundamental 
enabling factors for scalability: resources, partnerships, 
knowledge management, and understanding of the local 
context (Appadurai et al. 2015). 

There are some success stories of NGO activities being 
taken up by government and made part of the adaptation 
policy framework. For instance, the Government of Nepal is 
scaling up a home garden approach in 20 districts to promote 
on-farm diversity to contribute to food and nutrition and 
improve resilience (diversity for adversity) of smallholder 
farmers with the technical support of an NGO. Similarly, the 
riverbed farming practice pioneered in Nepal by a local 
NGO has recently been mainstreamed into national policy, 
with the Ministry of Local Development producing riverbed 
farming guidelines in collaboration with the Riverbed 
Farming Alliance. 15 Gurung et al. (2014) 16 explained how 
leasehold riverbed vegetable farming is helping landless and 
land-poor households to form groups and gain economically 
by using the dry, sandy beds left after the flooded rivers 
recede in the terai plains of Nepal. Among other factors, 
extreme weather events such as flash floods are linked to the 
increasing area of sandy riverbeds, and there is potentially an 
adaptation opportunity in training the landless poor and 
marginal farmers to take advantage of this underexploited 
resource (seasonally dry riverbeds) for income diversifica¬ 
tion purposes. 

In Nepal a novel multilevel institutional partnership that 
includes collaboration with farmers and NGOs has been 
instrumental in the innovation of location-specific tech¬ 
nologies, thereby facilitating the adoption of technologies in 
a more efficient manner. This alliance has not only improved 
knowledge networking among institutions, scientists, and 
farmers, but also led to more efficient adoption of tech¬ 
nologies by farmers. This is evident from NGO work on 
CSA and participatory plant breeding work (Bhatta et al. 
2016; Gyawali et al. 2006). 

NGOs are good at securing community participation, but 
they sometimes develop programmes and suggest policies 
without adequate public consultation and validation. In many 
cases proposals seem to be developed in accordance with 
donor requirements and lack on-the-ground reality. There is 
also research showing that NGO-promoted participation can 
be limited to those who are elite, educated, male, and higher 
caste, often leading to marginalization of the poor, women, 
and vulnerable households (Regmi et al. 2016). 


15 http://www.riverbedfarmingalliance.org.np/news-and-events.html 

16 http://www.satnetasia.org/sites/default/files/SATNET-FS04-Riverbed 

%20Farming.pdf 


The media has often been playing a supporting role, 
especially in promoting good CBA practices and highlight¬ 
ing the adaptation needs of certain vulnerable groups and 
locations in the HKH. It has also played a significant role in 
highlighting the need for participatory governance in climate 
financing in a few HKH countries such as Bangladesh and 
Nepal (Ahmed et al. 2018). The inspiring reports of elec¬ 
tronic and printed media in Bangladesh have encouraged 
many non-state actors to emulate CBA activities in different 
ecosystems, while the media in Nepal has been involved in 
LAPA processes. 


13.5 Financing Adaptation in the HKH 

Finance is the biggest challenge to achieving an adequate 
adaptation response to climate change impacts in the HKH. 
To date, the quantum of funds accessed for adaptation pur¬ 
poses from international sources by HKH countries has been 
grossly inadequate when compared to estimates of what is 
required for the region. 

13.5.1 HKH-Specific Estimates of Funding Need 
and Availability for Climate Change 
Adaptation Are Absent 

Estimating the future costs of adaptation responses to cli¬ 
mate change impacts can be highly speculative and subject 
to many unrealistic assumptions, especially when many of 
the losses that future climate change may bring are likely to 
be non-quantifiable. However, it is important to put some 
numbers to potential adaptation costs as a way to raise 
urgency in addressing financial needs. 

A comprehensive assessment of climate change adapta¬ 
tion finance need and availability is lacking for the HKH— 
for both the region as a single assessment unit and for any 
specific geographical area or sector in each country that falls 
within the HKH. 17 Therefore we have no knowledge of how 


17 The closest financial estimate is found in the 2014 ADB report, 
“Assessing the Costs of Climate Change and Adaptation in South Asia” 
(https://www.adb.org/publications/assessing-costs-climate-change-and- 
adaptation-south-asia). According to the report: “To avoid the damage 
and economic losses from climate change under the BAU scenario, the 
region needs to provide an average adaptation expenditure of 0.48% of 
GDP per annum (USD 40 billion) by 2050 and 0.86% of GDP per 
annum (USD 73 billion) by 2100. Obviously, regional adaptation costs 
under the C-C scenario are much lower than the BAU scenario as it 
only requires an average of 0.36% of GDP per annum (USD 31 billion) 
by 2050 and 0.48% of GDP per annum (USD41 billion) by 2100. The 
study took into account investment in building adaptive capacity in 
anticipation of future climate change as well as climate proofing 
measures in key sectors toward climate-resilient development” (Ahmed 
and Suphachalasai 2014). 
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much finance is available, how much of the available funds 
has been allocated to mountain regions or spent on 
addressing mountain-specific issues, the basis of allocation 
of funds, the scale of mobilization of private sector finance, 
and so on. 

Our assessment, presented below, has applied several 
assumptions while translating global and country-level 
assessments for the HKH. 

The Fifth Assessment Report by the IPCC (Chambwera 
et al. 2014) reports global estimates of the costs of adaptation 
in developing countries ranging between USD70 billion and 
USD 100 billion per year in the period between 2010 and 
2050. 18 The aggregated GDP of all developing countries (low 
income, lower middle income, and upper middle income) 
comes to USD26.53 trillion (WB 2016). Considering the 
aggregated GDP along with the estimated cost of adaptation 
for developing countries, one may argue that the cost of 
adaptation against each million of GDP would require about 
USD80,000-110,000 per year by 2030 and would increase to 
about USD130,000-190,000 by 2050. Considering the 
number of people living in the HKH and their per capita 
income by country, and applying a similar argument, one 
may argue that the region would require USD3.2 billion to 
USD4.6 billion per year by 2030, which would increase to 
USD5.5 billion to USD7.8 billion per year by 2050. 

It is highly unlikely that international finance will be ever 
sufficient to address the adaptation needs of HKH countries. 
Mobilizing funds from domestic sources is imperative, and 
some countries in the region are taking steps in this regard. 
For example, Bangladesh has taken the lead in the region by 
establishing a climate change trust fund, and has already 
mobilized USD600 million, of which about USD400 million 
is from internal government resources and about USD200 
million is from development partners. The Bhutan Trust 
Fund for Environmental Conservation also supports 
small-scale activities (up to USD300,000 each) in Bhutan to 
address impacts of climate change on ecosystems and spe¬ 
cies, as well as to support communities in accessing climate 
change funds from other sources. 

The Government of India (GOI) has estimated that it 
would require about USD230 million over 5 years (2012- 
17) to support the NMSHE, and key achievements to date 
include establishing six new centres relevant to climate 
change in existing institutions in Himalayan states, creating 
an observational network to monitor the health of the 
Himalayan ecosystem, and instituting several 


18 According to UNEP (UNEP 2016) the costs would be much higher— 
possibly reaching USD300 billion per year by 2030 and USD500 
billion per year by 2050. 


capacity-building and training programmes. Under the 
NAFCC established in 2015, more than one-third of the total 
projects sanctioned (amounting to about USD68 million) 
have gone to the Indian Himalayan region 19 for projects such 
as climate resilient sustainable agriculture in rain-fed farm¬ 
ing areas in Jammu and Kashmir, climate smart agricultural 
solutions in Himachal Pradesh, ecosystem management in 
Assam, sustainable agricultural development in Mizoram, 
and rejuvenation and climate proofing of springshed in 
Meghalaya (Gupta et al. 2018). 

In addition to mobilizing domestic sources of funding, 
HKH countries had accessed about USD600 million from 
different international sources of climate finance (Climate 
Fund Update, 20 September 2016). Countries in the HKH, 
except for Bangladesh, are yet to access climate change 
adaptation funding from the Green Climate Fund, which has 
allocated 50% of the fund for adaptation. The Government 
of China has established the USD3.1 billion South-South 
Cooperation Fund as an independent contribution to global 
climate finance, particularly for building the capacity of 
developing countries in adapting to climate change. 

Reliable estimates of public expenditure on adaptation are 
essential for monitoring and evaluation of interventions by 
governments. Attempts to mainstream climate change 
financing within the national development process are still 
evolving. Three of the HKH countries—Bangladesh, Nepal 
and Pakistan—have conducted Climate Public Expenditure 
and Institutional Reviews (CPEIR) that provide useful esti¬ 
mates of the country’s climate-related expenditure. 21 Pakistan 
has gone a step ahead to replace CPEIR with an official Cli¬ 
mate Expenditure Coding and Tracking System that will help 
in tracking climate change expenditures on an ongoing basis. 

To reemphasize, many of the losses posed by climate 
change to the HKH countries are not quantifiable; even then 
it is important to better understand losses to culture, territory, 
or religious sites due to climate change impacts and to find 
proxy quantifiers for an eventual valuation. Climate change 
risks to intangible issues such as values, faith, or tradition 
should not be underestimated because of the difficulty of 
attributing a monetary value. 


19 This region includes 10 hill States i.e. Jammu & Kashmir, Himachal 
Pradesh, Uttarakhand, Sikkim, Arunachal Pradesh, Nagaland, Manipur, 
Mizoram, Tripura, Meghalaya, and two partial hill States namely, 
Assam and West Bengal. 

20 https://climatefundsupdate.org/. 

21 http://www.pk.undp.org/content/dam/pakistan/docs/Environment% 

20&%20Climate%20Change/UNDP%20Climate%20Report%20V10. 

pdf. 
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13.5.2 Business Potential in Adaptation Is High, 
but Investment Is Limited 

Most businesses, while increasingly becoming engaged in 
mitigation of greenhouse gases, are yet to take a proactive 
approach to adaptation in the HKH. Few have even assessed 
the likely effects of climate change on their value chains and 
operations, although it is understood that adaptation to cli¬ 
mate change can add significantly to a company’s budget or 
project cost. 22 The Task Force for Climate Related Financial 
Disclosures, however, is leading in raising awareness of the 
risks posed by climate change to investors and, by default, to 
many large companies with supply chains in the HKH 
(TCFD 2017). 

That business can be a key stakeholder in adaptation 
policy and practice in the HKH region is demonstrated by the 
active participation of the Association of Bhutanese Indus¬ 
tries and the Bhutan Chamber of Commerce and Industry in 
the formulation of the country’s NAPA. As a result of their 
inputs, key industrial areas and investments in the Pasakha 
area in the foothills of the Bhutan Himalaya were identified 
and prioritized as being at risk from increasing intensity of 
rainfall, flash floods, and landslides (ADB 2014). The 
Punatsangchu Hydro Projects I and II in Bhutan are key 
stakeholders in the GLOF risk reduction project in the 
Punatsangchu Valley and have made direct contributions to 
the installation of early-warning systems (UNDP 2012). 

Often the focus falls on the role of the private financial 
sector in providing risk management options, including 
insurance and financing for large projects (Khattri et al. 
2010). However, there are major sectors of climate financing 
in India—such as renewable energy, energy efficiency, 
transport sector improvement, clean-tech, and waste man¬ 
agement—which are either from international financing 
companies or from social-environmental safeguard budgets 
(GIZ 2015). In Bangladesh the private sector is more 
engaged in agriculture and climate change adaptation (IFC 
2010). Case studies show that the role of the private sector 
can be instrumental during the period of disaster risk and 
rehabilitation work. It was effective during the case of 
post-tsunami rehabilitation work in India and other parts of 
Asia (Chatterjee and Shaw 2015). 


22 For example, the International Finance Corporation (IFC) did a risk 
assessment for the Khimti I Hydropower Project in Dolakha District in 
Nepal using scenarios of future climate change impacts including 
variable and uncertain streamflow in the dry season and the risks of 
extreme events like flash floods, landslides, and GLOF. Incorporating 
the increased likelihood of floods and GLOF into dam design leads to 
increased project cost (Communication from PCD, DHPS, MoEA cited 
in ADB 2014). 

23 https://www.gov.uk/govemment/uploads/system/uploads/ 

attachment_data/file/305412/stimulating-private-sector-engagement- 

climate-disaster-resilience.pdf. 


An assessment 23 carried out in Pakistan, on public 
finance support to stimulate private sector investment in 
building disaster resilience and climate change adaptation, 
identified the public finance interventions required to support 
two sectors: agriculture and construction. The study estab¬ 
lished the absence of private sector involvement in disaster 
and climate risk management planning frameworks, as well 
as in specific initiatives within key economic sectors, or at 
provincial or local levels. 

Mobilizing investment that results in win-win outcomes 
and building public goods seems to be the way forward for 
getting business engaged in adaptation. Some other areas, 
such as agribusiness value chains, tourism, insurance, and 
climate services—in which we see the potential of 
business-led adaptation in the HKH—are discussed below, 
with examples: 

• As part of the Pilot Programme for Climate Resilience in 
Nepal executed by the International Financial Corpora¬ 
tion, “agribusiness companies (such as processors of rice, 
maize, and sugarcane) have committed to provide train¬ 
ing to farmers to reduce crop losses and increase pro¬ 
ductivity, with the long-term aim of sustained private 
sector involvement and transformational change” (ADB 
2014). 

• Private companies are experimenting with a range of 
business models for ICT-based climate and market ser¬ 
vices, either to open new markets or to safeguard their 
supply chains. One such mobile-based initiative 24 pre¬ 
sently serves thousands of farmers in Uttarakhand State 
in India. Scaling up of such services in the HKH is 
technically feasible, as much of the forecasting can be 
based on (private or public European) weather satellites. 
Of course, to make such products financially sustainable 
in the HKH, private sector providers will need to address 
issues of mobile connectivity, low literacy, and hand¬ 
holding support (customization, interactivity, respon¬ 
siveness, call centres, field extension agents) for farmers. 

• For insurance companies, weather index-based crop 
insurance is potentially a big market opportunity. 
Recently the Indian state of Himachal Pradesh opened 
weather-indexed insurance for ginger, potato, tomato, 
and pea crops, while a private insurer has implemented a 
pilot scheme in Uttarakhand and Assam States. There is a 
pilot-scale effort in Bangladesh towards insuring liveli¬ 
hoods against floods. 25 In Nepal, it is reported that the 
Insurance Board is making preliminary regulatory chan¬ 
ges to introduce rainfall and hailstorm insurance for apple 


24 http://www.icimod.org/?q=23463. 

25 http ://oxfamblogs.org/bangladesh/wp-content/uploads/2013/08/ 
Product-Brochure 1 .pdf. 
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farming on a pilot basis. 26 Scaling up such pilot schemes 
remains a challenge and requires investment in a dense 
network of weather stations and regulatory changes. As 
climate risks increase under a climate change scenario, 
such schemes will further need to be backed by a com¬ 
bination of global reinsurance and public climate finance. 

• Pakistan’s National Disaster Management Authority is 
working on a disaster risk insurance fund targeting vul¬ 
nerable populations for protection against climate haz¬ 
ards. 27 In addition to public sector insurance bodies such 
as National Insurance Corporation Limited and Pakistan 
Reinsurance Corporation Limited, private sector insur¬ 
ance organizations have also been engaged through the 
Insurance Association of Pakistan. One of the key fund 
design recommendations coming out of this project is for 
a public-private partnership model. Engagement of the 
private sector in such an initiative is important to fulfil 
the capital requirements for setting up the fund and 
ensuring long-term financial sustainability. 


13.5.3 Opportunity to Build Adaptive Capacity 
from Labour Migration and Migrant 
Remittances 

Human mobility for livelihood purpose is a significant 
socioeconomic phenomenon in the HKH. The mountainous 
region generally has higher labour out-migration than 
in-migration. Whether internal or international, migrant 
remittances are increasingly becoming an important source 
of income for households in the HKH (see Chap. 15). Apart 
from financial remittances, social remittances (acquired skill, 
knowledge, and confidence) is also extremely important, and 
considerably under-researched. 

Research shows that remittance-recipient households may 
not be using the financial resources in the best possible 
manner for improving adaptive capacity (Banerjee et al. 
2017) although there is emerging evidence of the potential of 
certain types of remittances to contribute to adaptive 
capacity building in certain socio-economic contexts (see 
Chap. 15). Governments have a critical role in creating 
enabling conditions in origin communities through the pro¬ 
motion of opportunities for skill-building, entrepreneurship 
and livelihood diversification, and complementing such 
interventions with investment for improving the required 
economic infrastructure. 


26 http://sakchyam.com.np/first-weather-index-insurance-product- 

launched-in-nepal-for-apple-farmers-of-jumla/. 

27 https://cdkn.org/project/disaster-risk-insurance-for-vulnerable- 

communities-in-pakistan/?loclang=en_gb. 


13.6 The Way Forward—Key Areas 

for Priority Action by HKH Country 
Governments 

Building on the lessons of this assessment exercise, this 
section puts forward an agenda for action for HKH coun¬ 
tries. Opportunities do exist for a scaled-up, inclusive, and 
more comprehensive adaptation response in the HKH. This 
assessment suggests that the way forward should, among 
other things, include: (a) greater regional cooperation among 
HKH countries in areas such as DRR and food security; 
(b) stronger integration of adaptation in national develop¬ 
ment plans and programmes; (c) convergence of adaptation, 
DRR, SDGs, and resilience-building priorities; (d) invest¬ 
ment for generating science-based climate information and 
knowledge services, creating knowledge networks, and 
boosting climate literacy; (e) promoting policy experimen¬ 
tation through adaptation pilots; (f) building institutional 
capacity on adaptive governance; and (g) engaging with 
private business. 

13.6.1 Regional Cooperation on Adaptation Is 
Essential 

Climate change impacts do not recognize national bound¬ 
aries, and for the HKH—which shares so many resource 
systems—there can be significant cross-border implications 
with the potential to induce political instability and conflict 
at the regional level. Adaptation to the impacts of climate 
change can be viewed as a “regional public good” (Sandler 
1998) and therefore justifies the call for greater cooperation 
among HKH countries. Even though upstream-downstream 
linkages between mountains and plains provide a strong 
basis for regional cooperation, presently there are very few 
examples of cross-country adaptation projects or pro¬ 
grammes from the HKH (Sud et al. 2015). Among the South 
Asian riparian countries, enhanced regional collaboration for 
undertaking integrated scientific research, policy making, 
and implementation of cross-country adaptation measures 
has been frequently cited as essential (Viviroli et al. 2011; 
Xu et al. 2009). 

There is scope to structure cooperation among HKH 
countries around the complete food-water-energy nexus 
(Rasul 2014). The Climate Summit for a Living Himalayas 
held in Bhutan in 2011 produced a regional Framework of 
Cooperation in which the agreed areas of cooperation 
included food security, natural freshwater systems of the 
Himalaya, biodiversity, and energy security. However, there 
has been no follow-up action or movement since the summit, 
which is indicative of the challenges remaining in imple¬ 
menting regional cooperative action on adaptation. 
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Initiatives for regional cooperation can take advantage of 
some global processes as well. The UNFCCC’s Lima 
Adaptation Knowledge Initiative is being implemented 
through its Nairobi Work Programme in collaboration with 
UN Environment and has taken steps to foster regional 
cooperation for identifying “priority knowledge gaps” for 
vulnerable subregions, and soliciting partnerships and 
cooperation in bridging knowledge gaps. This can be taken 
forward to stimulate stronger and more effective 
knowledge-based partnerships for adaptation among HKH 
countries. 

A transformative stimulus from the global regime would 
be to allow global adaptation funding mechanisms to put in 
place funding instruments that can accommodate 
multi-country, transboundary, and regional adaptation action 
proposals. At the regional level, a potential mechanism could 
be the SAARC (South Asian Association for Regional 
Cooperation) Development Fund, and efforts should be 
made to explore the potential of SAARC in initiating a 
funding instrument that sets an example in bridging this 
critical funding gap. 

13.6.2 Stronger Integration of Adaptation 

in Development Plans and Programmes 

Given the diverse socioeconomic and biophysical variability 
across the HKH, scaling up adaptation to achieve transfor¬ 
mative results is a huge challenge. It is therefore important 
for policy makers to embed adaptation to climate change in 
ongoing large-scale development-based activities. The NAP 
process and associated funding from the Green Climate 
Fund is likely to be helpful in this regard. 

While aiming for an integrated approach, it is still nec¬ 
essary (though difficult and politically contentious) to retain 
the distinction between adaptation and development, to 
prevent diversion of adaptation investments to conventional 
development activities, as this potentially could lead to 
maladaptation (Ayres and Huq 2009; Ericksen et al. 2011). 
Bundling adaptation with traditional development funds 
would not be desirable from an operational point of view, 
since the mandate for the latter is too general, and tracking 
adaptation spending is likely to become a challenge. This 
approach of distinguishing additional climate change risks or 
additional environmental benefits has long been practised in 
the financing of projects by the GEF, where baseline activ¬ 
ities need to be demonstrated and additional financing is 
provided only for the incremental cost of climate change or 
other environmental action. 


13.6.3 Convergence of Adaptation, DRR, SDGs, 
and Resilience-Building Priorities 

Climate change adaptation is identified as the cross-cutting 
priority with clear linkages to DRR, SDGs, and resilience 
building in most of the national policies and plans in the 
HKH that highlight the importance of greater integration. 
Those developing countries in the process of preparing 
NAPs and the countries that already have NAPA (like 
Nepal) have clearly indicated the need to link climate change 
adaptation with DRR and SDG priorities. In addition to the 
policies and plans, several adaptation initiatives in the region 
have piloted projects to facilitate the integration of climate 
change with DRR and SDGs. 

Overarching national polices and frameworks, which can 
translate the idea of integration of climate change adaptation, 
DRR, and SDG into action, need to be developed. This will 
allow the national HKH governments to strategically think 
of policy, legal, and financial instruments that can facilitate 
convergence of the three. 

13.6.4 Investing to Enhance Synergies 
Between CBA and EBA 

While there is considerable focus on CBA, many EBA 
projects also exist around the world, including several in the 
HKH. A recent example is the GEF-SCCF-funded project 
Enhancing Capacity, Knowledge and Technology Support to 
Build Climate Resilience of Vulnerable Developing Coun¬ 
tries, which has been recognized as the “first mover” in 
catalysing global collaborations on EBA in the context of 
South-South cooperation. It is a joint initiative between 
UNEP and the NDRC of China, consisting of concrete, 
on-the-ground EBA interventions in Seychelles, Nepal, and 
Mauritania, representing coastal, mountain, and 
arid/semi-arid ecosystems, respectively. Another example is 
the German-funded mountain EBA, which pilots in three 
mountainous countries: Nepal, Peru, and Uganda (UNDP 
2015). Revi et al. (2014:539) provide examples in their 
global assessment, concluding that EBA is a “key contrib¬ 
utor to urban resilience”. 

These initiatives have demonstrated the significant 
potential of an EBA approach for addressing climate change 
in the HKH. Since trade-offs between competing demands 
for ecosystem services are becoming increasingly signifi¬ 
cant, strong political leadership and optimal investment are 
required to enhance the synergies between EBA and other 
approaches. 
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13.6.5 Generating New Knowledge 
and Boosting Climate Literacy 

The adaptation policies and plans of all HKH countries 
emphasize generating science-based climate information, 
knowledge, and services to enhance the resilience of 
climate-sensitive sectors and vulnerable households. For 
example, in Myanmar and Bhutan, their respective NAPAs 
have identified a lack of locally usable knowledge and infor¬ 
mation on weather and seasonal forecasting to assist farm 
production operations. The NAPA of Afghanistan also iden¬ 
tifies lack of empirical data on the extent and impact of 
desertification, thus hindering effective climate change adap¬ 
tation. The problem of sparse data is fundamental in moun¬ 
tains, a part of the planet that also has limited infrastructure to 
generate climate data in the first place. Evidence-based deci¬ 
sion making on adaptation warrants greater efforts towards 
strategic knowledge generation and communication through 
knowledge networks (for example, the Indian Network for 
Climate Change Assessment, Himalayan University Consor¬ 
tium) and knowledge management platforms. 

In general, across the HKH, people’s access to climate 
change information, knowledge, and services continues to be 
severely limited. The opportunity, however, lies in the fact 
that there are strong community networks to exchange 
information, knowledge, and skills relevant to climate 
change risk identification and adaptation (MoSTE 2015). For 
example, in Pakistan, a national-level alliance for climate 
adaptation comprising almost 200 local-level community 
organizations has been in existence since 2010. This has 
contributed to the awareness of local organizations and 
communities of issues related to climate change. 28 Similar 
networks can be encouraged and supported in other HKH 
countries. This has to be accompanied by sustained efforts to 
promote climate literacy among the general public, which 
would require massive awareness campaigns, incorporation 
of climate change issues into the educational curriculum, and 
active engagement of the media. 

13.6.6 A Policy Environment for Social Learning 

Responding to novel situations requires the capacity to learn. 
Social learning plays a critical role in building adaptiveness 
in natural resource management (Lebel et al. 2010) and 
enabling transitions (Tschakert and Dietrich 2010). Policy 
experimentation, including piloting, is important in enabling 
social learning to overcome system lock-in and facilitate 
restructuring of existing social-technical systems for chan¬ 
ges in norms, values, goals, processes, and actors (O’Brien 


28 http ://w w w.lead. org .pk/lead/Pages/naca. aspx . 


et al. 2012). In discussing the example of specific water 
resource management pilots such as improved watermill and 
spring recharging in the Garhwal Himalaya, Uttarakhand, 
Agarwal (2013) argues that adaptation policies in the 
Himalayan states should encourage the development and 
adoption of replicable and scalable models of conservation 
of natural resources and livelihood support, based on 
decentralized planning. 

13.6.7 Building Institutions and Capabilities 

Effective adaptation requires enhancing adaptive capacity: 
this includes, among other things, change in institutions and 
institutional processes for better governance. The transfor¬ 
mation of local institutions requires targeted resources for 
human capacity building as well as for setting up 
technology-enabled decision support systems. Stakeholder 
partnerships involving communities and local line agencies 
of the government will play a crucial role in effective 
adaptation outcomes. Since in mountainous terrain the reach 
of line agencies is limited when it comes to providing 
extension services, one approach would be to leverage 
existing community networks for the purpose. Social capital 
is one of the factors that is generally associated with 
mountain people’s ability to recover early from disasters 
(Mishra et al. 2017b) and this can be considered as an asset 
when planning for adaptation interventions. Local (and 
national) agencies of the government are receptive to scaling 
up interventions by NGOs if tangible results can be 
demonstrated, and more so when communities advocate the 
benefit of such interventions and seek clear, focused support. 

Local governance organizations, which have accommo¬ 
dated and legitimized customary institutions to formulate 
strategies for local natural resources, can take the role of 
bridging organizations in South Asia. One such example is 
the Dzumsa in Sikkim (India), which is an administrative 
unit continuing with the traditions of chiefdom. It regulates 
the migratory pattern for agro-pastoralists in the area, as well 
as governing other aspects like benefit sharing from different 
livelihood activities, social conduct, and cultural practices. It 
reserves certain pastures from grazing during seasons of 
normal snowfall and levies fines as an instrument of regu¬ 
lation. However, during seasons of erratic snowfall when 
local predictions cannot be successfully applied, the reserved 
pastures are made accessible for convenience of the 
agro-pastoralists. Such local governance institutions can fit 
between resource-using communities, civil society, local 
universities and technical institutes, government depart¬ 
ments, and elected representatives. 

Planned adaptation in the HKH will essentially require a 
mix of policy responses that consider a range of options 
from incremental to adaptive and potentially to 
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transformative strategies. Given that climate uncertainty 
cannot be reduced completely, it is critical to deploy a 
decision-making framework to identify a suite of policy 
options instead of an optimal or best solution (Hallegatte 
et al. 2012; Smith et al. 2010). Conditions of “surprise” 
might offer little or no scope for decision makers to respond 
from history or experience (Lempert et al. 2003; Walker 
et al. 2010). The concept of adaptive policy making (policies 
adapt over time as conditions change and learning takes 
place) has received much attention in the past decade as a 
useful approach to policy formulation under uncertainty 
(Swanson and Bhadwal 2009). Capabilities required for 
adaptive governance need to be created in institutions at all 
levels of governance in HKH countries. 

13.6.8 Engaging with Private Business 

Business can become a partner in scaling up adaptation 
efficiently. There is considerable scope for attracting private 
finance to adaptation, provided the risks and transaction 
costs of such investments can be managed. Business looks 
for profits and scalability, and thus tends to be restricted to 
regions with a large business presence, market potential, and 
investment climate sustainability (Chin 2014). Since adap¬ 
tation is about helping the vulnerable, with a focus on poor 
and marginal communities, novel models of public-private 
partnerships are required. Apart from protecting current 
operations, new revenue streams can be identified, such as 
ICT and insurance. At the same time local enterprises will 
need to be supported, not just big business. 

Corporate social responsibility can play a very powerful 
role in building infrastructure and human capital. For 
example, Google has provided funding for disease outbreak 
monitoring in Myanmar, and the Rockefeller Foundation is 
working to build urban resilience in a number of HKH cities 
(Shimla, Shillong, Guwahati, and Leh) through the Asian 
Climate Cities Resilience Network (WRI 2009). 

13.6.9 Engaging with the Emerging Policy 
Regime on Loss and Damage 

Under the UNFCCC a new policy regime to prepare for 
inevitable losses and damage is covered under the Warsaw 
International Mechanism on Loss and Damage (L&D) from 
Climate Change established in November 2013, and subse¬ 
quently under the Paris Agreement. Policy makers within the 
UNFCCC are potentially planning to introduce a climate 
insurance scheme for highly vulnerable countries (Surminski 
and Oramas-Dorta 2014). The L&D mechanism is premised 
on the existence of a residual policy gap between climate 
change adaptation, DRR, and current social protection and 


risk transfer mechanisms, 29 wherein climate change may 
generate conditions that cannot be mitigated, adapted to, or 
insured against (Dow et al. 2013). Thus, for instance, studies 
have categorically found that existing adaptation measures 
are insufficient to avoid potential L&D from weather vari¬ 
ability in Bhutan (Kusters and Wangdi 2013) and flooding in 
Nepal (Bauer 2013). 

Although efforts are being made by government agencies 
to estimate post-disaster L&D, there is still controversy over 
the definition and estimation methodology (Birkmann and 
Welle 2015). Even though the direction is unclear at the 
moment, this assessment feels that it is potentially beneficial 
for HKH countries to stay engaged with the L&D process. 
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Chapter Overview 


Key Findings 

1. Polices and responses in HKH countries over¬ 
look women’s multiple forms of oppressions and 
exclusions. Since women and men in the region are 
a heterogeneous group, they have overlapping 
ethnic, class, and caste identities that result in 
multiple forms of marginalization and exclusion. 
However, too many simplifications and 
one-dimensional framings around women’s iden¬ 
tities—and people—persist, and policies and 
responses end up overlooking multiple forms of 
oppression and exclusions. 

2 . Existing laws and policies do not support the 
multiple ways in which women negotiate their 
roles in households, communities, and the 
market. This is because men from the mountain 
regions are out-migrating in large numbers leaving 
women to manage not just household work but also 
other work related to agriculture, natural resource 
management, community and even other public 
sphere related work—markets or public institutions 
—that were traditionally men’s role. As an exam¬ 
ple, land tenure and employment policies under¬ 
value rural women’s critical roles in food security, 
sustainable agriculture, and natural resource man¬ 
agement despite women taking on the major role in 
these sectors. 

3 . Women throughout the HKH do not have cor¬ 
responding decision-making rights or control 
over resources despite shouldering both 


productive and reproductive workloads and 
responsibilities. This results in undervaluation of 
their work in society and therefore not taken into 
account in most policy making processes and 
outcomes. 


Policy Messages 

1. Policies that support adaptation to climate 
change will not succeed unless they consider 
gender and how it interacts with other factors 
such as class/caste, ethnicity, and geography, 
which will require disaggregated data. The 
available national data on women in HKH coun¬ 
tries does not reflect the diversity and intersec- 
tionality, because they rely on aggregate 
measurements and aggregated country data that 
may not be representative of the mountain areas. It 
is critical that disaggregated mountain specific data 
be collected and analysed to inform policies that 
are suitable. 

2 . Policies to improve women’s participation in 
decision making and climate governance must 
go beyond numbers and quotas to create 
mechanisms that ensure empowerment and 
promote women’s rights and agency. Given the 
fragile and dispersed nature of settlements in the 
HKH, facilitating women’s active voice and 
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agency will equally require working with gender 
responsive grassroots organizations and nurturing 
local and inclusive leadership, (i.e. top-down and 
bottom up approaches). 

3 . All levels of government must allocate resources 
—financial and human—for gender responsive 
interventions at scale and adopt clear account¬ 
ability mechanisms, such as gender budgeting, to 
demonstrate their commitment to gender equal¬ 
ity as indicated in the SDGs. Most countries in the 
HKH lack gender budgeting and accountability 
mechanisms on gender—almost all government 
agencies are male-dominated and gender neutral. 


Climate change and extreme weather events in combination 
with socioeconomic processes and opportunities have an 
especially severe impact on people living in remote moun¬ 
tain areas of the Hindu Kush Himalaya (HKH). For instance, 
growing urbanisation of mountain towns and cities and 
globalisation has led to aspirations and consumerism, which 
is a significant push factor in migration. At the same time, 
unreliable rural and agricultural outcomes are seen as 
increasing outmigration of men seeking better livelihoods 
for their families. This situation can leave women with 
heavier work burdens, but might also provide women with a 
complex, newfound ‘independence’ ( well-established). 

This shift in women’s and men’s responsibilities has not 
been matched by a corresponding shift in policies and atti¬ 
tudes about gender. For example, policies on land tenure and 
employment disadvantage rural women and men—especially 
those in poor remote mountainous areas—by undervaluing 
their critical roles in food security, sustainable agriculture, and 
natural resource management ( established but incomplete). 

Furthermore, even as gender inequalities develop in an 
increasingly complex manner with contextual political and 
economic situations intersecting with class, caste, religion, 
age, and ethnicity, there are continued assumptions made 
around a single homogenous class of ‘mountain’ women. 

Although less is known about the gender-differentiated 
effects of climate change, particularly in the context of limited 
economic opportunities in mountain areas, studies illuminate 
the relative quality of women’s and men’s lives, livelihoods, 
and access to resources under equally changing socioeco¬ 
nomic and political conditions (< established but incomplete). 

The linear, techno-managerial approaches to climate 
governance with simplistic one-size-fits-all solutions and 
‘quick fixes’ for gender equality and women’s empowerment 
fail to recognize the complexity of women’s and men’s 
realities ( established but incomplete). 


Problematic understanding of gender 

Most often, understandings of gender are simplistic: Gender 
is equated with women, particularly poor rural women. 
Notions of gender are simplified in policy making, and 
reduced to the inclusion of some “poor women”. This sim¬ 
plistic and apolitical interpretation and way of integrating 
gender into climate interventions and policies poses large 
problems, which manifests in the assumption that engaging 
women on projects is taking care of women’s needs and will 
lead to women’s empowerment ( well-established). 

Furthermore, there is the paradoxical positioning of 
homogenous categories of “mountain women” as being both 
“vulnerable victims” of climate change as well as “formid¬ 
able champions” of climate adaptation. This has led to 
extreme approaches in policies: from a welfare approach in 
which women are taken as passive beneficiaries to one 
where they are seen as “fixers” of environmental problems 
based on assumptions about their “volunteer” time in pro¬ 
jects as “natural care-givers” (well-established). 

This dichotomization of women into one of two identi¬ 
fiers creates policymaking foci on numbers and quotas as 
measures of change and progress, rather than on the struc¬ 
tural issues of inequality and discrimination. A major 
problem is the overlooking of gender relations between 
women and men, between women, and between men (well- 
established). 

Related to the above is the focus on numbers and quotas 
as measures of change and progress, rather than on the 
structural issues of inequality and discrimination. A major 
problem is the overlooking of gender relations between 
women and men, between women, and between men (well- 
established). 

The empirical problem: How data aggregation obscures 
women’s complex experiences in the HKH? 

Gender differences intersect with other dimensions of social 
and geographical differentiation. Class, caste, ethnicity, and 
age intersect with different geographical and sociocultural 
settings such as upstream, midstream, and downstream 
communities in mountain contexts to produce differential 
access to resources. Women and men are thus marked by 
multiple, coexisting identities that create overlapping—and 
often conflicting—relations of inequality and hierarchy, 
inclusion and exclusion. 

However, the available national data on women in HKH 
countries does not reflect this diversity and intersectionality, 
because they rely on aggregate measurements. Part of the 
problem is that aggregated country data may not be repre¬ 
sentative of the mountain areas, which (except in Bhutan and 
Nepal) form only a portion of HKH countries’ national 
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territories. This lack of mountain specificity could help to 
explain, for example, why the 2014 Gender Inequality 
Index 1 varies so widely across the HKH, from China with 
the lowest inequality to Afghanistan with the highest 
(established but incomplete). 

Questions about interventions: How to engage women and 
men of disadvantaged groups? 

Policies and programs have long focused on the functional 
rather than the structural aspects of gender relations. In most 
sectors, gender mainstreaming policies have applied the 
concept of gender narrowly, often as a synonym for “poor 
[rural] women”—and without further differentiation of these 
women’s needs, interests, emotions, identities, and roles. As a 
result, these policies produce technocratic quick fixes that 
place unrealistic burdens on women already in poverty (well- 
established). 

To be sure, today’s technocratic programs include women 
in economic development. Yet this inclusion is rationalized 
only by an appeal to economic gain. While the pursuit of 
economic efficiency can offer women economic opportuni¬ 
ties, it does not fully address their unequal power relations 
with men, vis-a-vis equal wages for equal work, or the 
sharing of domestic work responsibilities (established but 
incomplete). 

Exploring feminisation of responsibilities ’ and addressing a 
masculine working culture 

As more men migrate in search of livelihood options, rural 
women assume a disproportionate share of responsibilities— 
agricultural labour, reproductive work, and other labour that 
supports community welfare, as well as responsibilities in the 
public sphere, giving rise to a gendered rhetoric of 4 femini¬ 
sation of responsibilities’. Within this women may be 
assigned new ‘caring’ roles as ‘climate agents’, expected to 
adapt to climate change and cushion its adverse effects on 
their households and communities. Such rhetoric has the 
effect of adding climate change adaptation to the list—already 
long—of women’s caring roles (established but incomplete). 

As important as it is to analyse the rhetoric of women’s 
roles, what is considered or played out as roles for and by 
men—and the nature of these gendered divisions of labour 
and how these vary across socio-political and 
socio-ecological contexts—requires attention, especially at 
the science and policy levels. Yet, there is often little 
attention to these, and assumptions are made, especially of 


'GII is an index developed by UNDP that measures gender inequality 
on three counts - health, empowerment and participation in labour 
markets (UNDP 1995). 


what women [can do] and do in policy and practice. It is 
important to add here that since men continue to be key 
actors in environmental science, policy, and intervention 
across South Asia, the manner in which masculinity medi¬ 
ates environmental science, policy, and governance is 
important to know and address. Progressive policies in irri¬ 
gation and water planning, for example, will require that we 
address the ‘masculine’ working culture in this sector. Often, 
engineers and experts adhere to a hegemonic culture of 
science and technology, upholding ‘masculine’ professional 
norms ensures credibility—and yet, paradoxically, these 
same professionals may be the ones tasked with formulating 
and implementing policies that promote diversity, gender 
equality, and social inclusion (established but incomplete). 

Gender, Inclusive Development and the Sus¬ 
tainable Development Goals 

The SDGs are broader than the MDGs as they include 
environmental, social, and economic sustainability, 
and are also “potentially more transformative” better 
reflecting complex challenges and the need for struc¬ 
tural reform (Sakiko 2016, p. 47). Sakiko further 
points out that the gender-specific SDG 5—“Achieve 
gender equality and empower all women and girls”— 
has multidimensional implications that integrate tar¬ 
gets “related to gender-based violence, harmful prac¬ 
tices, unpaid care work, voice, sexual and reproductive 
health and rights, economic resources, technology, and 
legislative change”. Furthermore, gender issues and 
targets are not limited to SDG 5 only but are also 
reflected in other goals, such as those related to pov¬ 
erty, hunger, education and health, water and sanita¬ 
tion, and work. 

The underlying transformative agenda and incorpo¬ 
ration of the complex and multifaceted realities of 
women’s lives in the SDGs are all the more relevant to 
the HKH, where social and gender inequalities persist 
such as groups of women in mountain areas who perform 
multiple roles: in the household, agriculture, natural 
resource management, communities, and the markets 
and other public spaces at higher scales, and particularly 
with the trend of large-scale male outmigration. 

Consequently the nine HKH priorities clearly 
envision sustainable development of the region and its 
peoples with a transformative agenda of equity and 
inclusion. Priority 3—“Achieve gender and social 
equity through inclusive and transformative change in 
the mountains”—links directly with SDG 5 and goes a 
step ahead in its transformative agenda as the targets 
address the many facets of the complex realities of 
women’s lives—gender-based violence, participation 
in decision making, gender equality and disparity, and 
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practices of social and gender exclusions, policies, and 
institutions. Priority 3, while being a standalone goal, 
also links with all the other priorities as each priority 
has social and gender dimensions as well as targets, 
which has further implications for gender equality and 
transformative change. The need of the hour is for 
development actors and policy makers to integrate 
gender and social inclusion targets and indicators in all 
actions and policies. 

This new transformative agenda points out the need 
to do much more than the usual rhetoric on gender and 
unravel the complex and interrelated dimensions of 
women’s and men’s lives. 


14.1 Context and Particularities to Gender 
and Social Inclusion in the HKH 

The Hindu Kush Himalaya (HKH) are considered one of the 
most ecologically sensitive areas in the world. Although data 
is limited and contested, it is generally agreed that the effects 
of climate change are predicted to happen here “first” and 
with the greatest intensity (Singh et al. 2011, p. iv). What is 
less well known is how the effects of climate change will 
impact the geographically diverse mountain ecosystems and, 
in turn, the lives, livelihoods, and resources of diverse 
communities in the region. 

In this chapter we draw attention to the fact that climate 
change problems and solutions are largely techno-centric in 
design. Jasanoff (2010) notes that “modern science” has 
framed climate change as a global phenomenon that “de¬ 
taches knowledge from meaning”. Technical observations of 
more easily measurable phenomena such as changes in 
temperature and precipitation undermine attention to the 
understanding of the embedded local experiences of people 
as well as “social institutions and ethical commitments at 
four levels: communal, political, spatial and temporal” 
(Jasanoff 2010, p. 233). In other words, little is known about 
how changes in climate will result in complex changes in the 
quality of lives, livelihoods, and resources of diverse groups 
of people. We argue that, especially in the HKH, it is 
important and necessary to creatively link “abstract gener¬ 
alizations, specificity and objectivity” of climate science and 
climate interventions with contextually relevant “scales of 
social meanings”, experiences, and subjectivities (Jasanoff 
2010, p. 235). Similar concerns were echoed by Forsyth 
(2001), who questions how far the so-called scientific 
descriptions of environmental change have been accepted as 
factual without this being reflected by the experiences and 
values of marginalised people. 


In this chapter, we focus on unpacking popular assump¬ 
tions related to climate change and proposed climate inter¬ 
ventions using a social relations approach (SRA) and 
feminist political ecology (FPE) framework. For this work, 
we provide case studies that demonstrate the complex 
workings of gender relations in the context of climate change 
in the HKH. Specifically, these case studies highlight the 
unique, embodied experiences of climate change and how 
gender power relations affect green economy interventions. 

Box 14.1 What is gender? 

Gender refers to socially constructed roles, responsi¬ 
bilities, and opportunities associated with men and 
women, as well as hidden power structures that govern 
the relationships between them. Inequality between the 
sexes is not due to biological factors, but is determined 
by the learnt, unequal, and inequitable treatment 
socially accorded to women (UNDP 2010). 

As social differentiations and identities based on 
class, caste, ethnicity, age, and other factors intersect 
with gender, addressing gender requires understanding 
that women [as well as men] are not homogeneous 
categories. 

This chapter aims to critically assess two primary issues: 

• The intersections between gender and social equity with 
climate change in the context of changing realities across 
the HKH 

• How climate-related institutional interventions respond 
—or do not respond—to the complex and diverse reali¬ 
ties of people’s lives on the ground. 

In this assessment we combine the SRA and FPE 
approaches (Box 14.2). 

Box 14.2 Social relations approach and feminist 
political ecology frameworks 

The Social Relations Approach (SRA) focuses on the 
nature and construct of inequality as determined 
through distributions of resources, responsibilities, and 
power. It emphasizes the analysis of relationships 
between people, their relationship to resources and 
activities, and how these are reworked across institu¬ 
tional levels in specific contexts—from the household 
to formal and informal institutions including the state 
and the market. SRA also emphasizes the idea that the 
overall goal of development interventions is and 
should be human wellbeing and not just economic 
growth (Kabeer 1994; Kabeer and Subrahmanian 
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1996, p. 25). Thus the social relations approach 
departs from narrow, technical interpretations of gen¬ 
der as women and of women and men as isolated 
categories, thus shifting away from the rather “im¬ 
personal, apolitical, and universal imaginary of climate 
change [impacts and interventions], projected and 
endorsed by science” (Jasanolf 2010, p. 235). 

Feminist political ecology (FPE) recognises the 
close interlinkages of gender with other social cate¬ 
gories and differences in gender-environment rela¬ 
tions, and points out that resource-related relationships 
relate to “women’s particular circumstances” (Moly- 
neux 2007, p. 231). These circumstances not only 
interact with class, caste, race, culture, and ethnicity to 
shape processes of ecological change; they also differ 
in different social, political, and economic settings 
dynamically shaping “gender as a critical variable in 
shaping resource access and control” (Rocheleau et al. 
1996, p. 4). FPE recognizes the importance of con¬ 
ducting ‘science from below’ or examining people’s 
embodied experiences of resource degradation, disas¬ 
ters, mobility, and displacement as these connect with 
other scales of power and decision making (Hanson 
2015; Harding 2008). In short, feminist political 
ecology is concerned with an intersectional analysis on 
gender-environment relations that actively considers 
gender in combination with social factors such as race, 
ethnicity, caste, class, age, disability, and others. 

There are thus several similarities between the SRA 
and FPE frameworks in their aim to capture the 
complexity of gender-power relations, to unpack the 
gendered nature of institutions at scale, and to map the 
interactions between policies, practices, and ground 
realities at different institutional locations (Hillenbrand 
et al. 2014). 

Mountain peoples, characterised by socio-ecological dif¬ 
ferences, have a crucial role in natural resource management 
and climate change adaptation. To evolve a more contextu¬ 
alised understanding of the HKH, it is important to examine 
the drivers of change behind gendered lives and livelihoods, as 
gender relations vary in complex ways. Overall the livelihoods 
of mountain communities in the HKH are largely agrarian: 
agriculture, livestock, and management of natural resources. 
Coping strategies in response to themyriad drivers of change 
include migration, wage and casual labour, and 
labour-intensive household management and income genera¬ 
tion through small-scale trade (Leduc 2009). Natural resource 
management also figures heavily into community-based and 
individual/household coping strategies, drawing from a rich 
traditional culture and knowledge about this topic. 


The processes of globalisation, regionalisation, and eco¬ 
nomic liberalisation are connecting markets and reconfigur¬ 
ing economic relations, interactions, and dependencies. 
While global birth rates are levelling, population continues 
to grow rapidly in the HKH, placing additional pressure on 
urban environments and infrastructure in contexts in which 
government policies alone are unable to curb the trends 
(Karki et al. 2011; UN-HABITAT 2007). These trends have 
also meant opening up mountain communities to a wider 
world of institutional arrangements, relationships, and 
opportunities, and the emergence of a consumer class that is 
shaping new aspirations and desires, sculpted by a culture of 
money (GoN 2014). In tandem, these trends alter 
land-human relationships, affecting how people use, access, 
control, and manage natural resources (Jodha 2007). In this 
process, local knowledge systems are rendered obsolete 
while giving rise to new bodies of information, creating new 
livelihood systems, and setting in motion new patterns of 
consumption and acquisition, as well as “reconfiguring 
people’s relationships to one another, within and across 
households and communities ... within and among state 
institutions and other macro agencies” (Gurung and Bisht 
2014, p. 5). Furthermore, rural to urban migrants—largely 
young men—seek off-farm employment leading to changing 
demographic patterns, with growing elderly rural popula¬ 
tions and the ‘feminisation’ of farm and non-farm activities 
in terms of production, exchange, and distribution (also see 
Chap. 15). 

These factors or drivers are affecting women and men 
differently and changing gender roles and relations, leading 
to a widening of the differences between women’s and men’s 
income-earning and asset-controlling possibilities (Bastola 
et al. 2015; Nellemann et al. 2011; Nibanupudi and Khadka 
2015; Sogani 2013). 


14.2 Climate Change and Gender: 
Experiences from Below 

Few studies focus on understanding gendered impacts due to 
changing climate in the HKH (Ogra and Badola 2015). In 
this context, it is critical to recognize that gender does not 
equate to women: There is no single class of HKH women 
and men, and no universality of experience in regard to 
climate change impacts. Understanding the complexities of 
diverse nature-society interrelations in the context of climate 
change in the HKH requires a viewpoint from below. 

It is widely recognized that, on the one hand, climate 
change results in higher risks and greater burdens for 
women, and on the other hand, due to their local knowledge 
and management of households, women play critical roles in 
adaptation. Such generalizations are especially prominent in 
popular discourse on climate and mountain women in the 
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Fig. 14.1 Case studies of 
climate change and gender— 
experiences from below 



HKH (Joshi 2014, p. 247). There are countless case studies 
of mountain women who, through their experience, 
responsibilities, and strength, are reported to play a much 
stronger role than men in the management of ecosystem 
services and food security, and therefore in climate change 
adaptation (Nellemann et al. 2011). Mountain women’s 
knowledge, capability, and commitment to the environment 
and their families are used to highlight their ability to adapt 
in extreme situations such as conflict, natural disasters, and 
displacement (Leduc 2010). Such narratives create persua¬ 
sive arguments that mountain women are critical actors in 
mitigating and adapting to climate change. But what is also 
important to consider is that despite the criticality of their 
roles, women in the HKH face challenging situations and 
obstacles as they carry out these roles. 

This section of the chapter focuses on how gender and 
other social relations are negotiated with increasing climate 
variability. Within similar geographical regions, cultures, 
ethnicities, castes, and ecological settings, discriminative 
practices are likely to intensify with increasing environ¬ 
mental change (Bhattarai et al. 2015). In this context, we 
explore gender-differentiated access and control over 
resources and its impact on women and men in the HKH 
(Carvajal-Escobar et al. 2008). 

14.2.1 Case Studies 

This subsection problematizes the interplay of gender and 
other social differences that are superimposed on climate 
change impacts and create multiple vulnerabilities for the 
poor and marginalised women and men. Due to a lack of 


large-scale data, and a lack of cases from all HKH countries, 
we focus on illustrative case studies to show the interlink¬ 
ages between gender and climate change. Some specific case 
studies presented from India, Nepal, Pakistan, Bangladesh, 
Myanmar, and China highlight the manifestation of gender 
vulnerability and women’s roles from the HKH (see 
Fig. 14.1). 

14.2.1.1 Bangladesh—Women Vulnerable 
to Disaster 

The case of Bangladesh demonstrates how water-related 
hazards interact with gender to create situations where men 
and women differently experience, suffer, and cope with 
hazards and disasters (Sultana 2010). Women are feared to 
be more vulnerable to climate-induced water-related stresses 
and extreme events like floods (Brody et al. 2008; Dankel- 
man 2008), and there is ample evidence that during natural 
disasters women and girls are more prone to mortality 
compared to men and boys. In Bangladesh, the 1991 
cyclones and floods claimed more female lives than male: 
Amongst females 10 and older, girls and women were three 
times more likely to have perished (Bern et al. 1993; Parikh 
2007; Roehr 2007; Twigg 2004;). In contrast, the mortality 
rate of men in both flood- and salinity-prone areas was only 
17% of the total (Golam et al. 2009). This higher female 
death rate has been attributed to gender norms on what men 
or women should do in a disaster or the resources they have 
at their disposal (Chowdhury et al. 1993; Dasgupta et al. 
2010; Nelson et al. 2002; Neumayer and Plumper 2007; 
Sharmin and Islam 2013; WEDO 2008). 

For example, early warning signals had not reached large 
numbers of women because the information had been 
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disseminated primarily in public places to which many 
women do not have easy access; and even when women 
received warnings they were constrained by cultural norms 
that restrict women’s freedom of movement in public—that 
is, women were not allowed to leave their houses without a 
male relative, and many women waited for their husbands to 
return home to take the decision to evacuate, thereby losing 
precious time that might have saved their lives and those of 
their children (D’Cunha 1997; Fordham 2001; Mehta 2007; 
Parikh 2007; Sharmin and Islam 2013; UNEP 1997). Fur¬ 
thermore, conditions in cyclone shelters were not suited to 
women’s needs, for example there were no separate toilets 
for men and women, poor water, and no toiletries like san¬ 
itary pads and the shelters were designed in a manner that 
was insensitive to gender specific needs and cultural values 
leading to various problems that enhanced the discomfort 
particularly for menstruating, pregnant, and lactating women 
(Baden et al. 1994; D’Cunha 1997; Fordham 2001). Simi¬ 
larly, a rapid gender field survey conducted in 2007 on 
Cyclone Sidr relief efforts found that after the storm, women 
were vulnerable to harassment, violence, famine, and human 
trafficking; the study also found that women were less likely 
to take off clothing, such as their long saris, during floods 
and these got caught in the floating debris, increasing their 
chances of drowning (Lauren Khan 2012). Thus, the dif¬ 
ferences in the gendered divisions of roles and labour, 
gendered rights, decision making, and women’s weak bar¬ 
gaining power within the household result in women facing 
more suffering—including sexual assault—before, during, 
and after each disaster event. 

A recent study by the Bangladesh Centre for Advanced 
Studies (Mallick et al. 2016) found that poor women and 
their livelihoods are badly affected by heavy rain, landslides, 
and water logging in Rangamati District in the Chittagong 
Hill Tracts (CHT). Small-scale agriculture led by women, 
water sources, and livelihoods of the poor women and men 
are severely affected by climate variability and extremes like 
flash flood, landslides, and water logging. These are causing 
economic hardship, deepening poverty, and increased food 
insecurity in the region. 

Climate-related water stresses and gender inequalities 
aggravate the situation for women and girls in a number of 
ways. For example, poor families have been forced to marry 
off very young girls, resulting in many dropping out of 
school and others experiencing violence (Alston et al. 2014; 
Atkinson and Bruce 2015). Khan et al. (2016) and Khan and 
Kumar (2010) show how peri-urban communities in the 
coastal city of Khulna are vulnerable to water insecurity 
because of their exposure to different stressors including 
urbanisation. Additionally, climate change has led to rising 
sea levels and, consequently, saline contamination. As a 
result, pre-eclampsia, eclampsia, and hypertension among 
pregnant women is reported to have increased due to 


increasing salinity of drinking water (Khan et al. 2008, 
2014). 

The authors report that vulnerability of the peri-urban 
communities in Khulna varies across the sites as well as 
gender and different social groups within the communities. 
Prakash (2016) concludes that disaggregating vulnerability 
with an intersection of class, caste, and gender is important 
for understanding the complex issues related to climate 
change and its implications on gender. Lack of data means a 
lack of understanding and evidence on gendered 
vulnerabilities. 

In Bangladesh, even when there is severe disruption of 
local freshwater sources following floods, cyclones, and 
saline intrusion, women are responsible, irrespective of their 
physical condition, to provide drinking water for their fam¬ 
ilies for which they must walk long distances—sometimes 
up to 10 kilometres every day over difficult terrain—in 
search of water, consuming an enormous amount of their 
time and effort (WEDO 2008). After floods, day-to-day tasks 
such as cooking and cleaning the house become more 
time-consuming due to rising water levels. Women are often 
compelled to raise their stoves or go to neighbours’ houses 
to prepare food (World Bank 2010). When the flood waters 
are particularly high, women go out on shallow-bottomed 
boats some distance to find the privacy to relieve themselves. 
Lack of supplies, the impossibility of disposal, and the 
problems of keeping oneself clean make menstruation par¬ 
ticularly challenging. For many, the trauma of past experi¬ 
ences with the spate of water-borne diseases continues to 
linger long after the event (Mehta 2007). 

14.2.1.2 China—Recognizing Farming Women’s 

Contributions 

China’s rapid industrialization, urbanisation, and marketi- 
zation since the 1980s has meant farmers cannot survive on 
farming alone due to small average landholdings (0.6 ha). 
Therefore, many have adapted their coping strategies. For 
example, the “one household, two sectors” approach (hus¬ 
band in the city, wife on the farm) is common to many 
families. In this situation, rural women have come to assume 
greater responsibility for agricultural production on top of 
their domestic and childcare duties. This is especially true in 
the poorer remote mountain areas in southwest China, which 
has a rich agricultural biodiversity that lends itself to using 
bio-culture farming systems as an adaptation strategy to 
support rural livelihoods and strengthen food security for the 
region. 

Research carried out by the Centre for Chinese Agricul¬ 
ture Policy (Song et al. 2016) of the Chinese Academy of 
Sciences revealed that globalisation, rapid development, and 
climate change had delivered serious impacts to local food 
systems: severe droughts, increased temperature, and 
extreme weather. As a result, local farming species and 
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Table 14.1 Migrants in total labour force and women migrants in 
Guangxi and Yunnan 


Year 

2002 

2007 

2012 

% migrants in total labour force 

42.56 

55.94 

62.09 

% women out of total migrants 

38.48 

39.84 

42.06 


Data source Survey of 320 rural households in Guangxi and Yunnan 
Provinces in 2013 (Song et al. 2016) 


landraces were disappearing at an alarming rate, and the 
existing bio-culture landscape and local seed systems were 
threatened. These developments have precipitated a rise in 
social challenges such as extreme poverty, food security 
issues, increasing environmental degradation, and more 
frequent natural disasters to small farmers (primarily ethnic 
women) in remote mountainous areas. Women, as the main 
cultivators, seed savers, and users, are the most affected by 
climate changes and at the same time are the key custodians 
for farmer seeds. 

Two village case studies from the rural areas in Guangxi 
and Yunnan Provinces illustrate some of the challenges 
facing mountain households. Situated in southwest China, 
Guangxi and Yunnan are home to most of China’s rural poor 
mountain ethnic minority communities and have a rising 
trend of male migration. Over the past decade, the percent¬ 
age of migrants in the total labour force in the communities 
has grown from 42.56% (2002) to 62.09% (2012)—a 20% 
increase (Table 14.1). Men comprise the majority of 
migrants, though many young women migrate as well. 

Research shows that women are playing a key role in 
enhancing agricultural production for their households when 
offered the opportunity to make important decisions about 
the farm. In order to help farmers in remote mountain vil¬ 
lages conserve seeds, improve their preferred landraces, and 
redirect benefits, the CCAP team initiated community-based 
conservation, participatory variety selection trials, and seed 
production in a number of trial villages in Guangxi and 
Yunnan through woman farmer-to-woman farmer exchan¬ 
ges facilitated by the project team. This initiative led to 
increased income and food quality for households partici¬ 
pating in the programme (Song et al. 2016). 

The participatory plant breeding activities continue today 
in the villages and to date have conserved more than 100 food 
crop varieties, improved 15 drought-resistant or quality lan¬ 
draces, and generated significant value for the women’s group 
from seed production and other value-adding activities. 
A women’s group in Guzhai village has developed into 
women-led farmer cooperatives in 10 years. A women’s 
group in a Yunnan village created an idea exchange with the 
women’s cooperative in Guangxi for learning organic farm¬ 
ing. These activities have increased women’s income three 
times more than “modern” agriculture promoted in the last 
30 years. More significantly, the process has enhanced 


women’s community-based collaboration in sharing produc¬ 
tive activities, managing natural resources, and linking to 
external information, markets and society. This is quite helpful 
for empowering women and their self-organization econom¬ 
ically and socially (Song and Vernooy 2010; Song et al. 2016). 

14.2.1.3 India—Gender Structures Shaping 

Women’s Knowledge and Experience 
of Changing Climate 

Drawing on evidence from four case studies across the Indian 
Himalaya, this case assesses how gendered institutions shape 
women’s knowledge, experience, and adaptation in changing 
climatic contexts. In the western Himalayan state of Uttar¬ 
akhand, Moitra and Kumar (2016) explore the role of com¬ 
munity radio in addressing the risks and challenges posed by 
climate change. Women reported an increase in the intensity 
of both summer heat and winter cold combined with sus¬ 
tained periods of fog; an increase in the frequency of natural 
disasters, including drought; and, consequently, more hard¬ 
ships for them in terms of water collection and agriculture. 
Established in 2000 in the township of Chamba, Garhwal, 
Henvalvani Community Radio has adopted a variety of 
broadcasting options combined with innovative activities to 
create spaces for communities, particularly women, to voice 
their issues. Engaging scientists in programming on low-cost 
and accessible solutions to agricultural problems (weeds, 
pests) for example, has helped women farmers in remote 
mountain areas sustain their crops and fields. 

In their work on Uttarakhand’s Nanda Devi Biosphere 
Reserve, Ogra and Badola (2015) explore the implications of 
climate change amongst indigenous communities, the Bho- 
tiyas and the Garhwali paharis (mountain folk) whose tra¬ 
ditional livelihood strategies based on seasonal migration 
have given way to agriculture, supplemented by a variety of 
secondary income-generating opportunities, including 
eco-tourism. However, while there are increasing opportu¬ 
nities for men as porters and guides, their absence on long 
treks, for example, poses an additional burden on women’s 
work with limited recognition (Ogra and Badola 2015, 
p. 513). Impacts on women differ by age and poverty— 
younger women (daughters-in-law), smaller households, and 
households without men typically face greater levels of 
vulnerability reflected in terms of access to food and labour. 
While economic incentives provided by eco-tourism tend to 
benefit better-off households that can offer homestay facili¬ 
ties, wider multiplier effects in villages through established 
social networks have been noted. Additionally, infrastructure 
improvements at the village and household levels are having 
positive impacts for women and children, such as improved 
access to water and sanitation or waste management. Access 
to information through social interactions with visitors led 
many women to report an increase in self-awareness and 
knowledge on conservation and development (Ibid, p. 516). 
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Across the Himalaya, in the north-eastern state of Naga¬ 
land, Singh and Singh (2015) focus on climate-induced 
water-stressed communities in four districts: Mon, Mokok- 
chung, Tuensang, and Kohima. The authors explore how 
climatic factors inducing water stress interact with 
non-climatic features in this mountainous region, producing 
new challenges that are gendered in nature. They report that 
domestic water access has always been a gendered problem, 
especially during the dry winter months when natural springs 
and streams dry up or reduce discharge. Women and children 
are forced to walk long distances downhill in search of water. 

Meanwhile, Barua et al. (2014) argue that in Sikkim, 
vulnerability to climate change is not only about physical or 
geographical factors, but also structured by socioeconomic 
factors such as lack of education, health care, and limited 
livelihood opportunities, which constrain households in 
overcoming poverty and “weaken their resilience to manage 
climate risks” (Barua et al. 2014, p. 274). Despite equal 
opportunities for women in Sikkim in terms of access to 
employment, education, and health care, deep-rooted gender 
biases persist. During a crisis, it is the girl child who is 
withdrawn from the school first and girls are typically dis¬ 
couraged from pursuing higher education if it is at the 
expense of their domestic responsibilities. 

In sum, the case studies show gendered impacts of cli¬ 
mate change cut across social differentiated categories that 
are based on ethnicity and caste. This is particularly true for 
women from agriculture-dependent households. Furthermore 
the dimensions that appear crucial for sustainable livelihood 
development are income, migration status, and household 
size, as these relate directly to household assets and capac¬ 
ities of the household members. These case studies also 
reveal that gender division of labour along with gender 
norms and practices strongly shape women’s knowledge and 
experiences of changing climate. For women in poor fami¬ 
lies, the hardship is compounded for example they do not 
have the option of purchasing food, fuelwood, fodder, 
among others. Thus, the risks and labour costs that women 
in the study reported as inherent to their work increase in the 
absence of alternative assets. 

14.2.1.4 Myanmar—Need for a Coherent 
and Integrated Approach 

Myanmar is vulnerable to a wide range of hazards including 
floods, cyclones, earthquakes, landslides, and tsunamis. 
Over the last decade the country has dealt with the devas¬ 
tating effects of Cyclone Nargis in May 2008, which 
severely impacted the Ayeyarwady and Yangon Divisions, 
and Cyclone Giri, which hit Rakhine State in October 2010 
(IFRC 2015). 

Cyclone Nargis hit Ayeyarwady, killing an estimated 
130,000 people, of which 60% were women (CARE Canada 
2010). The impact was immense and led to massive 


displacement and decimation of agriculture and infrastruc¬ 
ture across the region. An estimated 2.4 million people lost 
their homes and livelihoods: the cyclone caused devastating 
damage to the environments of Ayeyarwady and Yangon, 
where local livelihoods are heavily reliant on natural 
resources (Pender 2009). 

In this region, women traditionally play an important role 
in income generation including small-scale trade, shop 
keeping, fish processing, and crafts. They also play a key 
role in subsistence agriculture, fishing activities, and main¬ 
taining food security for their households. However, despite 
these responsibilities, women have less control over 
resources than men. 

Women’s Protection Technical Working Group (2010) 
point out that despite having a range of livelihood oppor¬ 
tunities, the overwhelming majority of the people living in 
areas affected by Cyclone Nargis survive from harvest to 
harvest, sometimes relying on loans from moneylenders to 
tide them over to the next season. Of the loans taken out in 
the region, 50% go to households that have rights to paddy 
land, 20% to households that derive their primary income 
from fishing, and 30% to landless labourers. In such a sit¬ 
uation, women who survived the cyclone were left more 
vulnerable—without family, incomes, livelihoods, homes, or 
assets, and with little access to quality sexual and repro¬ 
ductive health care or psychosocial support services 
(Women’s Protection Technical Working Group 2010). 

In the wake of the cyclone, the UN set up the Protection 
of Children and Women (PCW) cluster under which both 
children’s and women’s protection would be addressed 
(among other protection issues) as autonomous issues, in 
separate sub-clusters. The Women’s Protection technical 
working group transitioned into a sub-cluster (WPSC), with 
the focus on multi-sectoral (protection, gender-based vio¬ 
lence, livelihoods, education, health, and reproductive 
health) and cross-cutting (health, psychosocial and legal 
support) issues faced by women in the context of the 
cyclone-affected areas (Pender 2009). Pender (2009, p. 4) 
report states that the main reason for this separate cluster was 
that the PCW addressed women’s issues “only in relation to 
the relationship of women to children”. The report further 
indicates that the assessments conducted by WPSC show 
that despite women (particularly young widows, women 
separated from their families, and single female heads of 
households) being identified as the most vulnerable by 
community members, there was lack of targeting the specific 
needs and experiences of women—for instance, there was 
little to no gender or age disaggregated data, and there were 
hardly any stand-alone women’s protection programmes. 
This was largely due to the absence of an overall coordinated 
structure in the PCW. Consequently, despite the program 
being community based, it overlooked the women’s specific 
needs and experiences. Furthermore, strategies relating to 
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the different sectors such as agriculture and fisheries, were 
gender blind, and unable to recognising women’s contribu¬ 
tion in these sectors (such as paddy transplanting and fish 
processing) (p. 6). 

The Pender (2009) report concludes that the formation of 
the WPSC led to a holistic view, including gender-based 
violence, whereby the WPSC prioritized the need for holistic 
support for survivors of gender-based violence, including 
health, psychosocial, and legal resources. Not only did the 
program increase the scope of gender-based violence work, 
but also mainstreamed gender in a practical and tangible 
way. This contributed to women’s empowerment through 
livelihoods, education, and comprehensive health care ser¬ 
vices. This is an example of an efficient and coordinated 
structure that mainstreamed gender across sectors. 

A key lesson from this case is that sustainable livelihoods 
require a coherent and integrated approach across a number 
of sectors, including water, shelter, livelihoods and food 
security, education and training, sanitation and hygiene, and 
disaster risk reduction. Complementing and combining the 
sectoral approaches with capacity building and institutional 
strengthening of national and local governments and civil 
society is critical for the development of laws and policies 
that support sustainable development (UNEP 2009, 2012). 

14.2.1.5 Nepal—Climate Variability 

and Gendered Differentiation 

Bastola et al. (2015) recently conducted a study to under¬ 
stand perceptions of climate change impacts across the 
mountain, hill, and terai regions in the Central Development 
Region of Nepal. They posed important questions on how 
the adverse impacts of a changing environment shaped 
gender and social relations and added more weight to 
women’s workloads to provide care for family members 
while also managing the production spheres. 

This study illustrates the lack of effort undertaken by 
intervention agents to understand how climate change dif¬ 
ferentially impacts women and men, and how little is known 
about the links between climate change, gender, and other 
social intersections. This situation is exacerbated by the fact 
that little gender disaggregated data is available. Moreover, 
this study supports the findings of other studies (Dhimal 2015; 
Eriksson et al. 2008; Goh 2012; Leduc et al. 2008; Leduc 
2009; Massey et al. 2010) that show how climate variability is 
more likely to increase women’s workloads across sectors. 
Figure 14.2 shows gender disaggregated agriculture work in 
the three geographical regions, indicating that women are 
increasingly involved in agriculture work (such as ploughing, 
sowing, weeding, irrigating, preparing field channels, har¬ 
vesting, threshing, and selling of agriculture produce). 

The ratio of women to men in agricultural activities is 
particularly pronounced in the mountain regions, due pri¬ 
marily to male outmigration for work. Gender disaggregated 


data on work allocation show two major points that have 
both positive and negative outcomes. On the positive side, 
women take control on household economic affairs (selling 
of agriculture produce) that traditionally were controlled by 
men. On the other side, there is an increasing feminisation of 
labour where women are forced to bear more responsibility 
for agriculture activities, particularly in the mountain region 
where male outmigration is high (Bettini and Gioli 2015). 
Bhattarai et al. (2015) share similar findings that at least one 
man from each household in the mountain region has 
migrated to Gulf Cooperation Council countries or Malaysia. 

In cases where both women and men have out-migrated, 
elderly family members assume the responsibility of farm 
management, and agricultural land was often left barren 
(Bastola et al. 2015). In the case of the population which has 
stayed behind, we see more severe effects on women, as they 
suffer more often from psychological impacts while adapting 
to climate change. Since the publication of Census 2011, it is 
estimated about 8% of the total population have migrated for 
employment to foreign countries. The total remittances 
contribute about 29.1% of the national economy (in 
2013/2014) (GoN 2014). To build local resilience through 
income diversification, the Government of Nepal under the 
Foreign Employment Policy 2012 directs establishment of 
labour banks. These institutions are yet to be implemented 
on the ground. Unless policy frameworks with institutional 
arrangements are in place, outmigration will cause those 
staying behind, particularly women, children, the elderly, 
and the physically disabled, to remain vulnerable to climate 
variability (Bettini and Gioli 2015). 

In the male outmigration situation, some women have 
begun to strengthen their access and control over the eco¬ 
nomic gains from agriculture (across all central regions as 
shown in Fig. 14.2), and the driver may not necessarily be a 
consequence of male outmigration. There are several other 
factors that are important determinants of gendered vulner¬ 
ability to climate variability, including geography, religion, 
class, and ethnic divisions (Bastola et al. 2015; Maraseni 
2012). Until now there has been little focus on women’s 
capacity, their critical role in managing production in the 
absence of the male population (Skinner 2011). Therefore, 
experiences of climate variability are not always dispropor¬ 
tionately negative or only negative for women, but in most 
situations women are likely to experience disproportionately 
the negative impacts due to the existing social gender 
structures that favour men (Bhattarai et al. 2015, p. 122). 

14.2.1.6 Pakistan—Disaster Response Policies 
Versus Practice 

Case studies from Pakistan reflect the lack of focus on 
gender dimensions during disaster response implementation 
despite gender sensitive policies and guidelines. The disaster 
management authorities have taken useful steps for making 
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Fig. 14.2 Number of women 
and men engaged in various 
agricultural activities by region 
(Primary data source Bastola 
et al. 2015). Notes The number 
denotes total number of 
respondents for a given activity 
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disaster response and recovery gender sensitive. For 
instance, the National Disaster Management Authority 
(NDMA) has developed guidelines, ‘Disaster Risk Reduc¬ 
tion (DRR), Gender and Environment’, with an objective to 
provide disaster managers with the initial tools for taking 
care of the infrastructure and social vulnerability during the 
disaster. At the provincial level, the Provincial Disaster 
Management Authority (PDMA) have established ‘Gender 
and Child Cells’ and developed various codes of conduct to 
support gender integration during a humanitarian response. 


However, despite this progress, humanitarian response 
implementation to date has not sufficiently focused on sig¬ 
nificant gender dimensions (Hamid and Afzal 2013). 
Gilgit-Baltistan’s Contingency Plan for Floods reveals that 
vulnerable groups (women, children, elderly, and disabled 
persons) are neglected in the planning and conduct of relief 
operations (GDMA 2015, p. 7). 

A survey of the literature in Pakistan on this topic stresses 
the need for gender disaggregated data. Though effective 
adaptation strategies need to address fundamental gender 

















































































14 In the Shadows of the Himalayan Mountains: Persistent Gender ... 


503 


disparities in the disaster relief process, in the absence of 
robust data, gender analyses will remain inadequate and 
establishing gender-sensitive needs, response, recovery, and 
rehabilitation almost impossible (IFRC 2007). At present, 
only Khyber Pakhtunkhwa PDMA has begun to collect 
gender disaggregated data. Among their early findings, they 
state that more women than men died in the rains and 
cyclone of 2015 (PDMA/KP 2015). 

Studies also show that post-disaster processes of con¬ 
sultation were also poor in terms of collecting gender dis¬ 
aggregated data. Only men were solicited for information. 
Consultations with children, pregnant women, the disabled, 
and other vulnerable groups were insignificant. Most 
explanations for this oversight highlighted by various studies 
included masculine culture and male domination in most 
formal government institutions (including N/PMDAs, irri¬ 
gation, WAPDA, and disaster-related district administra¬ 
tions), lack of capacity in terms of integrating gender, and 
sociocultural barriers that restrict men’s access to vulnerable 
groups particularly women (Shah 2012; Hamid and Afzal 
2013; Shah and Memon 2012). 

Responses from the field, especially poor communities 
affected by floods, also reveal that gender is a largely 
neglected aspect of community infrastructure planning and 
provision (Shah 2012). However, women, children, the 
elderly, and the disabled pay a particularly high price for this 
lack of sensitive infrastructure development. After the floods 
of 2010, it was observed that floods came suddenly, and 
without an early warning system there was hardly any time 
for communities to make a timely and planned evacuation 
(UNIFEM 2010). An analysis of early warning systems 
conducted by LEAD Pakistan (2015) found that 88 out of the 
145 districts of Pakistan were at risk for flood, but only 39 
districts were covered by early warning systems. It is note¬ 
worthy that the majority of women and girls had no inde¬ 
pendent access to the tools used for communicating flood 
warnings, such as loudspeakers in mosques, mobile phones, 
and FM radio. Therefore, merely providing early flood 
warnings through various media sources may not necessarily 
ensure that women and other vulnerable groups have infor¬ 
mation on which to take action (Mustafa et al. 2015). 

14.2.2 Social Structure, Gender, and Climate 
Change: Differential Vulnerabilities 

Climate change conditions have also intensified competition 
over water and agricultural resources. Tetlay and Raza (1998) 
examined growing outmigration for employment with 
households increasingly becoming “female managed”, espe¬ 
cially in the HKH. The livelihoods of the people in the region 
are based on agriculture, livestock raising, management of 
natural resources, migration, labour-intensive household 


management, and income generation through small-scale 
trade and wage and casual labour (Leduc and Shrestha 2008). 
The diminishing subsistence prospects and underemployment 
in rural areas have pushed (mainly) men into seeking alter¬ 
native livelihoods in off-farm domains resulting in an increase 
in, and intensification of, women’s work and role as primary 
supporters of homesteads and family farms (Bose 2000; 
Gurung 1999; Leduc 2009; Mehta 1996; Sidh and Basu 
2011). Thus, over the course of the past decades, male out¬ 
migration in mountain agriculture has emerged as one of the 
most pressing issues facing productivity and food security. 
But the ownership of natural resources like land and forest is 
confined to more powerful segments of society, primarily 
men. The agricultural, technical, and institutional support 
such as extension, credit, and subsidies are offered mainly to 
men, who are household heads in most cases. 

Women and minority groups across the HKH are the 
most affected by the impacts of climate change. In China, the 
“one household, two sector” phenomenon is often seen as an 
outcome of globalisation and a changing environment. 
Women who stay behind take on the agricultural work in 
addition to other domestic responsibilities to secure the food 
basket. Case studies from the HKH clearly indicate there is 
an increasing proportion of ‘feminisation’ of labour as men 
out-migrate in search of work in response to climate vari¬ 
ability as well as other socioeconomic factors, which makes 
agriculture less predictable and reliable. Therefore, cases 
from China show that women are starting to play key roles in 
managing natural resources for food security, climate change 
adaptation, and transition to a green economy. 

Because the HKH stands at a heightened risk for natural 
disasters due to climate change impacts, it has once again 
raised serious concerns on gender narratives. The question is 
how such factors intersect with differential vulnerabilities in 
the event of floods, cyclones, landslides, earthquakes, and 
other disasters. Drawing on experiences from the cases of 
Myanmar and Pakistan, the impacts of disasters have a detri¬ 
mental effect on different groups of women and marginalised 
groups which adds to an already formidable burden to provide 
food, water, and health care. Also, these events expose vul¬ 
nerable groups to a high risk of violence and bring added 
livelihood insecurity (Brody et al. 2008; IFRC 2007; Neu- 
mayer and Plumper 2007; Parikh 2007; Vincent et al. 2010). 

The differential impact of climate on gender is apparent in 
the HKH. For example, a first form of ‘gendered’ vulnera¬ 
bility to climate change relates to labour (Sugden et al. 2014, 
p. vii)—women’s workload increases as distances travelled 
by women increase to access natural resources (such as 
water, fuelwood, fodder, food, pastures, medicinal plants, 
fuel, and crops) and as production schedules are affected due 
to changing environments and climate conditions (Bhattarai 
et al. 2015; Sugden et al. 2014). Thus it is important to 
mainstream gender-sensitive approaches when addressing 
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environmental issues in the HKH. Several crucial points 
need to be addressed. First, there is a need to identify vul¬ 
nerable groups in terms of age, disabilities, and social and 
religious groups and cater to their needs in disaster response 
to avoid further marginalisation in the process. Second, 
strengthening of the collaboration between government 
authorities and humanitarian organizations is required for the 
gender responsiveness of the relief programs. I/NGOs can 
play a role to build the capacity of government, as well as 
communities, especially in gender-inclusive development. 

In spite of these recognised needs, gender-inclusive 
planning and implementation are not integral to develop¬ 
ment processes in the developing world (Moser 2012). 
The HKH is not devoid of this phenomenon. It is also 
important to recognise the traditional cultures that are 
women centric and female managed, and if we are to 
properly address the challenges to mountain communities, 
this means robust data will be required to confront funda¬ 
mental gender disparities (Gurung 1998; Tulachan 2001). 

What is most critical to consider is context—the context 
in which the changes are taking place and that is resulting in 
diverse vulnerabilities and impacts. This means there is a 
need to think more critically and creatively about the broader 
implications of different vulnerabilities and impacts and 
ways to address them. 


14.3 Environmental Governance and Gender 
in the HKH: A Cautious View on Green 
Growth Visions 

Environmental governance in the HKH is increasingly tai¬ 
lored towards an outlook of green economic growth. The 
impetus towards green economic growth has been acceler¬ 
ated as a mitigating response to climate change. This poses 
old and new questions regarding the shaky connections 
between social wellbeing, equity, and efforts to ‘green’ 
economies and sustainable development as a whole. Policies 
and programs have long focused on the technical aspects of 
climate change, privileging, for instance, an efficient use of 
natural resources over social aspects, such as issues of 
equality, discrimination, and empowerment. They have 
given importance to engaging women to make development 
work efficient rather than to bring about change in unequal 
power and gender relations by addressing the power rela¬ 
tions between men and women. Therefore, it is important 
that the nature of interventions shift from “technocratic 
quick-fix [es] to gender inequalities [—] interventions that 
make unrealistic expectations on women [already] in poverty 
—to interventions that understand history and context better, 

... [and] recognise not only women and their vulnerabilities, 
but equally men and their masculinities. ... [T]his calls for a 
‘long-haul, deeply political challenge’” (ODI 2007). 


From a gender perspective, the two-way relationship 
between gender relations and environmental change needs to 
be understood in the context of the green economy. Gender 
relations have a powerful influence on how environments are 
used and managed, and hence on patterns of ecological 
change over time (Leach et al. 1995), and similarly envi¬ 
ronmental trends and shocks also have an impact on gender 
relations. Most of the time, there are direct implications such 
as forest or water degradation and depletion that alter the 
gendered distribution of resources or encourage 
gender-based coping strategies. 

The term ‘green economy’ is defined as an economy that 
results in improved human wellbeing and social equity, 
while significantly reducing environmental risks and eco¬ 
logical scarcities. It is low carbon, resource efficient, and 
socially inclusive (Stone 2011, p. 1-2). Advocates state that 
a move towards a green economy can be profitable where 
economic growth will be healthier, stronger, and more vig¬ 
orous with this transformation rather than without it 
(Brockington 2012). However, critiques of the green econ¬ 
omy (Bullard and Muller 2012; Gupta and Agarwal 2013; 
Kosoy et al. 2012) argue that politico-economic and cultural 
constraints need to be considered to create strategies that are 
successful in achieving the goal of ending environmental 
degradation and reducing poverty. 

‘Green growth’ has evolved into a number of contem¬ 
porary forms in the region, such as heightened forest con¬ 
servation efforts to spur carbon trading, bio-energy 
development, natural park enclosures, increased water reg¬ 
ulation to ensure efficient uses largely for productive ends, 
and payments for ecosystem services. Research increasingly 
shows there may be difficult trade-offs between green 
growth, environmental sustainability, and social wellbeing 
(Fairhead et al. 2012; Harcourt and Nelson 2015). As a 
result, there is growing ambivalence around some so-called 
green projects. For instance, hydropower development is 
being promoted as a source of clean energy, but research has 
demonstrated it may in fact sidestep the wellbeing needs of 
dislocated communities. Forestry options such as 
payment-for-ecosystem services and REDD+ , as well as 
standards and certifications applied to the carbon trade and 
offset projects are envisaged to ensure fair practices, but may 
implicitly tap women as a reserve, but cheap, army of labour 
with benefits that remain unclear to them. 

What seems to be emerging is a new regime of appro¬ 
priating and managing both nature and society for so-called 
‘green’ ends. This new green regime builds on earlier 
weaknesses of community-based natural resource manage¬ 
ment. It fails to correct social/gender exclusionary practices 
and continues to appropriate women’s undervalued labour 
for green projects. This regime also builds on earlier 
tokenistic practices to involve women as a social group, 
often resorting to ‘ticking the box’ exercises to legitimize 
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them as an accounted-for constituency. Despite earlier 
intentions to apply bottom-up approaches, the state contin¬ 
ues to employ community-based natural resource manage¬ 
ment as an instrument of control of both nature and society, 
an effort that was once touted as “bureaucratizing commu¬ 
nities” (Gauld 2000), increasingly turning these communities 
into corporate appendages of the state. In today’s natural 
resource management regimes, more emphasis is also turn¬ 
ing towards employing techno-scientific approaches in mit¬ 
igating climate change and addressing green growth goals 
(MacGregor 2010). 

Current efforts to mitigate climate change and spur green 
growth emphasize efficient management based on scientific, 
financial, and market-based goals and principles to drive 
natural resource management (Paudel and Paudel 2013). 
Green growth projects and natural resource management 
today attempt to mitigate and adapt to climate change in ways 
that are de-politicized, ‘masculinized’, and male dominated, 
in an effort to appropriate and ‘tame unruly nature’ 
(MacGregor 2010; Taylor 2014; Tschakert 2012). This 
approach in many ways creates persistent silences around the 
political economic drivers of climate change, focusing almost 
entirely on its technical aspects and solutions. 

Therefore, the ‘eagle-eye’ science of popular climate 
knowledge, science, and environmental governance inter¬ 
ventions needs to be complemented by locally contextual 
‘toad-eye’ science and interventions (Gyawali and Thomp¬ 
son 2016). Sustainable development in the HKH demands 
socially and gender-inclusive climate science and environ¬ 
mental governance policies and strategies. 

To assess the status of governance of the environment 
and green economic growth from a gender and social 
inclusion perspective, this section highlights first the status 
of gender mainstreaming at the policy and institutional levels 
and second how these policies tend to unfold on the ground. 
Then, the current promotion of hydropower development in 
the HKH as green development is critically assessed, and a 
plea is made for a more conscious reflection on the perfor¬ 
mance of professionals and the linkages between men, 
‘masculinity’, and power in knowledge production in envi¬ 
ronmental governance itself. 

14.3.1 Gender Mainstreaming Policies 
and Institutions 

Most countries in the HKH have called for or claimed to 
have mainstreamed gender in the various sectors within the 
domain of environmental governance. Even in sectors in 
which inequities and social exclusion have long been ren¬ 
dered invisible—such as irrigation and water resources 
planning—gender and women have now earned a legitimate 


place in research and policy agendas (Zwarteveen 2006). 
However, there is little to celebrate when we consider the 
manner in which gender is interpreted and integrated in 
climate interventions and policies. The attempts to ‘gender 
mainstream’ in climate policies, strategies, and interventions 
remain plagued by simplistic, apolitical interpretations of 
gender: ‘gender as women’, the paradoxical positioning of 
homogenous categories of ‘mountain women’ as being both 
‘vulnerable victims’ of climate change as well as ‘formidable 
champions’ of climate adaptation, and the idea that engaging 
women on projects is taking care of women’s needs and 
empowering women. 

Thus, the current status of gender mainstreaming in 
environmental governance is not only a clear measure of the 
progress that has been made, but also a reason for deep 
concern. Two cases—one from Pakistan and one from China 
—show the largest reason for concern is that gender main- 
streaming appears to have been achieved in environmental 
governance by adopting a very narrow and simplified con¬ 
cept of ‘gender’. The term is essentially used as a synonym 
for ‘poor rural women’. The habit of equating gender issues 
with grassroots women’s issues in development and the 
modernist idea that women’s empowerment can be imple¬ 
mented top down, seems to do more harm than good 
(Liebrand 2014). Overall, the trend is that women are treated 
as victims—not as agents. 

The case of Pakistan highlights especially that most 
progressive gender policies in environmental governance in 
the HKH are accompanied by a structural lack of financial 
resources or (human) skills and capacities In other words, 
gender is often not considered a priority in environmental 
management and climate change policies. Generally, it can 
be observed that state agencies in various HKH countries 
have committed themselves to the promotion of gender 
equality, and they make a proclaimed effort to make it 
happen, but simultaneously, there is a persistent impression 
that gender mainstreaming is (also) promoted as a form of 
window dressing. 

14.3.1.1 Pakistan 

Pakistan launched its Climate Change Policy in 2012, with 
an aim to ensure that climate change is mainstreamed in the 
economically and socially vulnerable sectors of the economy 
and to steer Pakistan towards climate resilient development. 
In spite of numerous challenges, Pakistan has initiated many 
other policies to address climate change and natural 
resources management, such as the National Water Policy, 
National Drinking Water Policy, National Climate Change 
Policy, the National Sanitation Policy, and others. All these 
policies present frameworks to address the key challenges of 
climate change and natural resource management at a 
national level and serve as guiding principles to the 
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provinces to initiate their own policies to protect natural and 
environmental resources. 2 A similar trend is visible in other 
HKH countries. 

Recognising women and other vulnerable groups as 
powerful agents of change, and the differential impact of 
climate change on gender, most of the aforementioned 
policies do suggest various measures for gender main- 
streaming (Hamid and Afzal 2013; SPDC 2015). For 
instance, the third objective of the climate change policy 
focuses on pro-poor gender-sensitive adaptation while also 
promoting mitigation to the extent possible. The National 
Drinking Water Policy, the National Sanitation Policy, and 
others acknowledge, in particular, women’s active role in 
water management. Furthermore, Pakistan is also a signatory 
to several international norms and standards that lay the 
foundation for gender equality. The Government of Pakistan 
has also allocated employment quotas for women in 
provincial and federal institutions (Rai et al. 2007). 

But Pakistan ranks as the world’s second-lowest country 
—144 out of 145 countries, according to the 2015 Global 
Gender Gap report—in terms of gender equality and the 
equitable division of resources and opportunities among men 
and women. Major fields like climate change, disaster, 
water, irrigation, mitigation, and the environment in Pakistan 
are still considered a male domain, outside the purview of 
women (Shah and Memon 2012). The fact is, the majority of 
formal government institutions and structures dealing in 
climate change and natural resource management are highly 
male dominated. The marginalisation of women was evident 
in the staffing patterns of these organizations (Shah 2012; 
Hamid and Afzal 2013). There are no formal mechanisms to 
ensure a gender balance in higher level positions in climate 
change, water, and irrigation bureaucracies. Therefore, in the 
absence of strong implementation, gender mainstreaming of 
governance structures does not, for the most part, translate 
into practice. 

It is also important to understand that most government 
institutions have limited financial and technical 
resources/capacity available especially in terms of integrat¬ 
ing gender into climate change planning (SPDC 2015). This 
omission can further result in poor response in terms of 
meeting the needs of marginalised groups. The literature on 
gender, climate change, and disaster in Pakistan includes 
various well-documented experiences that highlight the 
victimisation of women and other vulnerable groups during 
emergencies, as well as the undermining of their productive 
role in community building after disasters (Akgar 2001; Bari 


2 After the 18th constitutional amendment, provinces in Pakistan are 
now empowered to initiate their own provincial policies and institu¬ 
tional arrangements. 


1998; Enarson 1999; Morrow and Phillips 1999; Shah 

2012 ). 

14.3.1.2 China 

The Chinese government has increasingly acknowledged 
how poverty intertwines with biological and cultural diver¬ 
sity through the government’s ecological civilization strat¬ 
egy and green social transition. Although China has 
achieved significant poverty reduction in the last decade, 
poverty levels remain high, at roughly 200 million people, 
according to international poverty standards. There are 14 
state-identified poverty areas, mostly in remote mountain 
areas, which are at the same time well-known for their rich 
biological and ethnic diversity, diversified landscapes, and 
valuable bio-cultural heritage. China is active in climate 
change adaptation as well and launched the South-South 
Programme during COP 21 in Paris in 2015 to support other 
developing countries through the South-South Collaborative 
Fund for Climate Change Adaptation. China has a large 
national Climate Change Adaptation Plan using 
ecosystem-based adaptation as a major methodology and 
scientific technologies as key tools. Yet, consideration and 
integration of gender analysis for inclusion in 
community-based adaptation and women’s roles in adapta¬ 
tion is limited. Further study on the links between and 
integration of ecosystem-based adaptation and 
community-based adaptation is urgently needed. The pre¬ 
viously described case studies and the examples from 
Guangxi and Yunnan (Sect. 2.1) provide both strong 
examples for implementing community-based 

gender-sensitive biodiversity management and important 
survey data at the policy and action levels. 

14.3.2 How Policies for Gender Mainstreaming 
and Social Inclusion Unfold 

on the Ground 

Policies for gender mainstreaming and social inclusion in 
environmental governance on the ground are complex and 
diverse. As illustrated by cases from China 
(community-based biodiversity management) and Nepal 
(community forestry), current policies for user participation 
and community-based management inadequately address 
gender concerns, although these policies often explicitly 
seek to address them. The inclusion of some women as 
representatives of user committees has, by and large, not 
altered the marginalisation and social exclusion of women 
from these groups. One reason is that government agencies 
use policies of decentralization, user participation, and 
community-based management as a means to exercise con¬ 
trol, regulation, and state power. 
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14.3.2.1 Women’s Role in Seed and Food 
Security in China’s Mountains 

Farming women play crucial custodial roles in seed and food 
diversity all over the world. Women’s reproductive roles as 
mothers and family keepers build their interest, expertise, 
and knowledge in seeds and food biodiversity issues. They 
are making an essential contribution to the resilience and 
continuity of the world’s ecologic and food systems. Survey 
data in southwest China confirms this: Amongst small 
holding farmers, 62% of women play a role in seed selection 
and storage (Song and Zhang 2015). 

In order to help farmers in remote villages conserve seeds 
and improve their preferred landraces and participatory plant 
breeding (PPB) varieties, both to save seed cost and to create 
incentive and redirect benefits to PPB farmers, a team ini¬ 
tiated community-based conservation and a participatory 
variety selection trial and seed production of a PPB variety, 
Guinuo 2006, in a number of trial villages in Guangxi. 
This PPB hybrid seed production has been carried out by 
women farmers’ groups in this area since 2005 and has 
expanded to women’s groups in Stone Village in Yunnan 
through farmer-to-farmer exchanges facilitated by the pro¬ 
ject team. 

The PPB activities in Stone Village have conserved more 
than 50 food crop varieties and improved 10 
drought-resistant or quality landraces, and the women’s 
groups have generated a significant amount of money from 
seed production. The groups have also started learning eco¬ 
logical and organic farming practices from Guzhai village 
and plan to register a women’s farmer cooperatives next year. 

Both village case studies illustrate an important rural 
development pathways in mountainous areas of China: 
community-based and women-led cooperative, diversified 
agriculture combined with strong horizontal integration 
(Song et al. 2014). Together, these ideas represent “a 
locally-driven empowerment process in which farmers, led 
by women, have improved their capacity to deliberate about 
choices of action, experiment with options, create new 
practices, and enlarge the network of horizontal relation¬ 
ships, and thus obtain more autonomy in realizing their 
aspirations according to their own agendas” (Song and 
Vemooy 2010). 

Both cases benefit from strong technical support and 
capacity building, accompanied by targeted research. The 
project support for both the community cases in Guangxi 
and Yunnan is more focused on broad rural development 
than on commercial motives. The work also benefits from 
interactions and collaborations with other cooperatives, 
restaurants, NGOs, research centres and universities, and the 
government’s agricultural extension service. The process of 
expansion is a capacity-building and empowering process 
for these women-led cooperatives and self-directed 
communities. 


14.3.2.2 Community Forestry and Hydropower 
in Nepal 

(a) Community Forestry Programme 

Nepal’s Community Forestry Programme (CFP) has been 
hailed as an environmentally and socially transformative 
initiative, but in fact, has in many ways not benefited the 
poor. Some scholars allege that community forest user 
groups (CFUGs) have actually resulted in “restricting access 
to resources by the poor” (Gupta et al. 2011) and as such, 
CFP has not really ensured equity, inclusion, or gender 
sensitivity (Neupane 2003; Paudel 2012). 

Following the conception of the community participatory 
approach, the early 1990s saw a wave of popularity in 
decentralized formal arrangements for forest governance as 
governments realized the need to transfer responsibilities to 
local institutions and bestow decision-making powers on 
communities for better resource management outcomes. 
Hence, over the past few decades, there have been many 
devolutionary initiatives in a number of the HKH countries 
to bring about gender and social inclusion. However, in 
tracing the trajectory of these initiatives, we find that policies 
and programmes establishing local forest governance insti¬ 
tutions were gender blind and communities were treated as 
an ungendered entity (Agarwal 2000; Das 2011; 
Arora-Jonsson 2014). Only in later years, with changes in 
approaches to decentralized governance and feminist criti¬ 
cism of such policies, were steps taken by the government to 
integrate gender equality concerns in programmes and 
schemes at different levels (Tyagi and Das 2017, p. 239). 

From amongst such initiatives, Nepal’s model of com¬ 
munity forestry as a green governance initiative has been 
hailed as the most successful, transformative, and 
people-oriented model of local-level forest governance for its 
social as well as environmental objectives. CFP in Nepal 
started in the 1970s and strengthened through later policy and 
legal instruments such as the Master Plan for the Forestry 
Sector 1988, the Forest Act 1993, and the Forest Regulation 
of 1995. This legislation provided favourable conditions for 
the successful handover of national forests to local commu¬ 
nities. As such, the CFP has been the largest and longest 
participatory green initiative, with 40% of Nepal’s population 
belonging to more than 15,000 CFUGs which are involved in 
managing 25% of the country’s forest area (Gupta et al. 2011; 
Karki et al. 2011). With the shift in property rights from the 
state to communities, CFUGs have been able to exercise a 
bundle of property rights regarding access, use, and man¬ 
agement of national forests. The CFP goes beyond managing 
forests for environmental and economic benefits; it has 
become an important instrument and process for social 
change—empowering the marginalised (Gupta et al. 2011). 
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In Nepal, the Poverty Reduction Strategy Paper of 2002 
and the Millennium Development Goals regard the CFP as a 
suitable instrument for achieving the country’s poverty 
reduction goal (Kanel 2007), while international develop¬ 
ment agencies and governments view it as a tool for poverty 
reduction and sustainable natural resource management 
(Gupta et al. 2011). The programme has been hailed as 
“inclusive and equitable” as well as “able to address 
socio-political and environmental concerns at the national 
and regional levels” (Karki et al. 2011, p. 22). CFUGs were 
first set up as projects but are now recognized as institutions. 
A number of cases have been celebrated for successfully 
arresting deforestation, helping to improve forest cover, and 
fomenting “genuine local participation and support” (Ibid, 
p. 23). Where there has been a greater presence of women in 
community forestry institutions, many statistically demon¬ 
strable benefits, such as enhancement of women’s effective 
participation in decision making, women’s stronger influ¬ 
ence in the nature of decisions made, and women’s roles in 
improving forest conservation outcomes, have been noted 
(Agarwal 2010). 

However, the CFP has been critiqued at two levels: its 
process and its inclusion and participation. Agrawal et al. 
(1999, p. 2) describe the CFP as a “highly political process 
since it seeks to redistribute power and resources within the 
territorial confines of a given nation-state”. Although the CFP 
seems progressive in nature the government still holds the 
power. Sections 67 and 68 of the Forest Act state that the 
government has the ownership of all types of 
community-managed forests and has discretionary power to 
alter the use of forestland and to withdraw the community 
forest on certain conditions (HMGN 1993). The management 
plan of CFUGs is a contractual document giving tenure rights 
over forest resources, and violation of any provision of the 
management plan by any member of the CFUG can affect the 
tenure rights of all members of the group. These adminis¬ 
trative powers are held by the District Forest Officer (Gupta 
et al. 2011). Ultimately, this means that communities have 
only usufruct rights over the forests they nurture and guard; 
the government has agreed only to hand over the degraded 
hill forests for restoration and conservation, while it main¬ 
tains control over the richer forests of the terai. The Federa¬ 
tion of Community Forest Users-Nepal (FECOFUN), a 
network of CFUGs and forestry-related NGOs, has criticized 
the government on this point. These conditions have made 
CFUGs insecure about their tenure in community forestry 
and many communities have lost interest in participating. 

On the inclusion front, numerous studies indicate that the 
extent of change is actually limited within large numbers of 
women, the poor, and excluded caste and ethnic groups who 
participated in community forestry processes and institutions 
(Agarwal 2009; Bushley 2002; Chhetri 2001; Lama and 
Buchy 2002; Nightingale 2002; Parajuli et al. 2010; Paudyal 


2008; Uprety et al. 2012; Winrock 2002; Yadav et al. 2008). 
These groups benefited less from community forestry than 
wealthier and influential households: They could obtain free 
fuelwood and other non-timber forest products from the same 
forests before the introduction of the CFP; once the CFP 
declared these forests as community forests their access was 
limited and, therefore, many communities and groups were 
not interested in participating (Maharjan 1998; Malla et al. 
2003). Similarly, procedures for electing the committee and 
decision makers through consensus and voting also resulted 
in well-off male and upper caste people dominating the 
CFUGs, which meant that powerful elites of the community 
shaped the rules of access to forest resources due to the 
prevailing sociocultural norms and barriers that influence 
participation in these institutions along social axes of differ¬ 
entiation such as class, caste, ethnicity and age (Agarwal 
1997; Nightingale 2002). The Ministry of Forests and Soil 
Conservation in its 2013 review report cites prevailing cul¬ 
tural norms as the reason women’s access to and influence of 
decision-making processes is muted, despite CFP’s efforts to 
ensure representation of women in key decision-making 
positions. Furthermore, time constraints on women for 
domestic work limit their participation (Agarwal 2010). 
Staddon et al. (2015, p. 268) document a participatory 
community forestry project in the middle hills of eastern 
Nepal as a case of a well-intentioned development gone 
wrong. Although the aim was to invite local communities to 
participate, what unfolded were “multiple tyrannies” (Ibid, 
p. 274, 276). They found “uneven participation that provided 
minimal benefits to the most marginalized (women and those 
who are illiterate)” and that while many did “participate” as 
per the terms of engagement defined in a rather top-down 
fashion, there was—as in many other projects—an “inad¬ 
vertent reinforcing of] existing power relations, diverting 
control away from communities and towards forestry 
authorities” (Ibid.). 

We can also see that the experiences of ‘women’s only’ 
CFUGs are not altogether positive. Studies have shown there 
is often increased marginalisation of these organizations and 
little to no increase in the empowerment of women (Buchy 
and Rai 2008; Rai and Buchy 2004; Seeley 1996). Agarwal 
(2010) found that ‘women’s only’ CFUGs were allocated 
poorer forests compared to mixed-sex groups. 

When analysed from a gender lens, institutions that seem 
be equitable, efficient and sustainable are not really so 
(Agarwal 2000) and that efforts towards gender main- 
streaming in forest governance and policy have been far from 
desirable (Tyagi and Das 2017, p. 235). Meanwhile, current 
policy thrusts on gender mainstreaming in natural resource 
governance have considered gender as synonymous to 
women (Arora-Jons son 2014). This understanding is prob¬ 
lematic in that it implies gender as an issue for women only. 
Finally, gender mainstreaming as applied mostly results in 
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adding more female members to local governance systems 
(Mukhopadhyay 2004). In this way, gender mainstreaming 
has been limited by its efficiency and functional approach 
rather than a structural approach towards empowerment. The 
entire structural and power relationship between genders 
remains almost untouched in policy and practice. 

Gupta et al. (2011) argue that the since 2001, when dis¬ 
course on environmentalism became a global issue, the 
involvement of non-state actors, such as donors and NGOs, 
increased and that these actors changed their operational 
strategy during Nepal’s decade-long political insurgency. 
Although these influential non-state actors were aware of 
power relationships, they did not challenge them but rather 
used them for two purposes: to establish and advance their 
organization, and to establish their role as service providers to 
the forest sector and donors. On the other hand, non-state 
actors such as Federation of community Forestry Users Nepal 
(FECOFUN), who have been supported by donors for policy 
activities, had little ability to raise the agenda of challenging 
power issues within forestry governance because they 
depended on donors for financial and intellectual support. In 
this way, the “dynamics and complexity of actors’ interac¬ 
tions, perceptions and power/knowledge in participatory 
forestry play a role in the exclusion of the poor, dalits, 3 and 
other disadvantaged social groups” (Gupta et al. 2011). 

(b) Hydropower 

The recent surge in hydropower development as a 
climate-mitigating strategy makes for an interesting case to 
analyse the ‘depoliticised’ framing and positioning of gender 
in two processes currently emblematic for the HKH. 
Hydropower development is articulately positioned and 
presented as being climate mitigating and, as such, hydro- 
power projects [producing renewable and clean energy] 
qualify for top-up funding through the Clean Development 
Mechanism. Hydropower has emerged in the region as an 
economically viable and sustainable energy option and 
country governments and donor agencies are increasingly in 
support of hydropower, citing other numerous benefits, apart 
from energy generation, provided by hydropower dams such 
as flood control and irrigation, which would also contribute 
to poverty alleviation and sustainable development (Shrestha 
et al. 2016). 

However, hydropower development in the region has also 
led to “adverse socio-environmental impacts. ... particularly 
common at the local level”, primarily because hydropower 
projects are more concerned with “national and regional 


3 Dalit is the name given to the lowest class of people in traditional 
Indian society, who were formally referred to as “the untouchables”, 
falling altogether outside the Hindu caste categories and subject to 
extensive social restrictions. 


economic priorities” and pay “little attention to the adverse 
impacts on affected local populations (mostly mountain 
communities)” (Shrestha et al. 2016, p. 1). Furthermore, 
hydropower development policies and strategies in the 
region pay little attention to gender, regardless of the climate 
merits assigned to clean energy development. While there is 
significant attention to the risks of hydropower development 
in these regions for local communities, the analytical scale of 
the Tocal’ remains essentially unpacked. While hydropower 
is indeed renewable, the waterscape is often irreversibly 
changed by the processes of generating hydropower. What 
might be the social, economic, and environmental costs of 
large dam development in a region that is said to be not only 
geologically and ecologically unique but also politically 
fragile, with ethnic and cultural tensions and political faults 
corresponding to international and national boundaries? 

The Shrestha et al. (2016) report on the benefit sharing 
mechanisms 4 in Nepal’s hydropower sector show that “while 
benefit-sharing programmes generally seek to share benefits 
equally across project-affected populations. ... certain kinds 
of people have less access to the benefits of hydropower 
development than others” (p. 41). Women are among these 
groups who are under-represented in the process of hydro- 
power development in terms of stakeholder consultation, 
local hiring and employment, establishing local development 
priorities, and local governance. Women from marginalised 
groups (Janajati, 5 dalit, ultra-poor, and disabled women) 
experience further disadvantage due to social power 
hierarchies. 

The Shrestha report examines the benefit sharing mech¬ 
anisms of hydropower development and concludes that 


4 In the hydropower sector, benefit sharing mechanism would mean 
ways and methods to share the profits, but more important, the 
advantages derived from the hydropower development by the compa¬ 
nies. The early practice of benefit sharing was ‘trickle down’ to local 
communities, whereby broader national and regional economic devel¬ 
opment was expected to bring the dividends of development to local 
citizens. Later, the practice moved on to compensation and mitigation 
for minimizing the negative impacts of projects, and mechanisms were 
designed to ensure that individuals and communities adversely 
impacted by hydropower development were compensated for any 
losses sustained. More recently, the emphasis is on sustainable 
development, therefore, benefit sharing mechanisms now go beyond 
mitigation and compensation “to maximize development benefits and 
more equitable outcomes, and working directly with local communities 
to increase investment effectiveness” (Shrestha et al. 2016:7). 

5 Adivasi/Janajatis: People or communities having their own mother 
tongue and traditional customs, distinct cultural identity, social 
structure, and written or oral history. They are interchangeably referred 
to as “Janajatis,” “ethnic groups,” and “indigenous nationalities.” The 
government identified 59 groups as indigenous nationalities and these 
are categorized into five groups based on their economic and 
sociocultural status. These include “endangered,” “highly marginal¬ 
ized,” “marginalized,” “disadvantaged,” and “advanced” groups. 
Newars and Thakalis are the only two groups classified as “advanced” 
groups (ADB 2010). 
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“patterns of social exclusion based on gender, caste, eth¬ 
nicity, and class were apparent” (41). The authors note that 
women receive considerably fewer direct benefits in both 
employment and training. Furthermore, women are provided 
training in gender-stereotypical skills such as knitting, 
cooking, and weaving. The report states that “these issues 
reflect a larger problem with gender inequity: The collective 
voice of women is routinely subjugated in local processes of 
decision-making about hydropower projects” (25). 

The report (40) outlines the following gender and social 
inequities that are evident during the process of hydropower 
development: 

• Uneven patterns of awareness and information about 
stakeholder rights 

• Unequal participation in community consultations and 
decision making about hydropower development, leading 
to the prioritization of some agenda and the subjugation 
of others 

• Uneven distribution of impacts related to hydropower 
development, as certain subpopulations and social groups 
are disproportionately affected or economically dislocated 

• Unequal ability to mobilize for individual benefits (i.e., 
seeking employment, participating in training pro¬ 
grammes, or purchasing project shares) 

• Informal inequalities in the distribution of benefits 
notionally shared by communities (e.g., community 
development programmes, royalties) due to unequal 
access to public facilities and patterns of social hierarchy. 


14.3.3 Professionals, Knowledge, 

and Masculinities: A Scale Challenge 
in NRM Governance 

In environmental governance, many knowledge and policy 
domains are treated as fields of engineering and technology, 
especially in the field of natural resource management 
(Adhikary 1995). The domain of irrigation and water gov¬ 
ernance is one example (Liebrand 2014; Zwarteveen 2006). It 
is an area of expertise that historically is managed as a field of 
irrigation engineering, particularly in Asia (Ongsakul et al. 
2012). In this context, several fields in environmental gov¬ 
ernance have been qualified by feminist scholars as ‘mas¬ 
culine’. For clarification, masculinity is not just about ‘men’; 
it is also about ideas of supremacy and modernist convictions 
in engineering to which notions of power are attached. It is 
true that male professionals have traditionally dominated the 
field of engineering and technology—their presence in the 
profession is considered ‘normal’ (Gupta 2007; Kulkarni 
et al. 2009; Nair 2012; Parikh and Sukhatme 2004). But there 
also exists a strong epistemic tradition in environmental 


governance, in fields such as irrigation and water expert 
thinking, that sees the world as uniform, makeable, and 
manageable (Zwarteveen 2011). Consequently, it has long 
rendered thinking and speaking about women (and men) 
irrelevant. It is also in this ‘masculine’ professional culture 
that policies such as Integrated Water Resources Manage¬ 
ment (IWRM) gain meaning and that knowledge on climate 
change adaptation acquires legitimacy. 

The domination of engineering knowledge and the ‘mas¬ 
culinity’ of professional cultures in natural resources man¬ 
agement (NRM) can be considered a scale challenge 6 in 
environmental governance (Liebrand 2010). For the HKH, 
this is reason for great concern. It means that there is a 
structural mismatch between actual realities in the field and 
expectations and administrative realities at the policy level. 
For instance, the policy objective in water governance to 
support livelihoods and create opportunities for all is under¬ 
mined by a culture of ‘masculinity’ among water profes¬ 
sionals. This means that complex ‘problems’ in the field, such 
as gender inequities in irrigation, are conceptualized as 
‘technical’ or ‘engineering’ problems, based on ideals of the 
universal application of science and technology, and because 
‘hardware’ solutions (e.g., canals, roads, pumps, and other 
infrastructure) are associated with ‘real’ development and 
with those professionals who hold this knowledge, i.e., mostly 
male engineers. The associations between men, ‘masculinity’, 
and power/knowledge in water governance partially explains 
why current measures to bridge the gap, between field and 
policy levels, continue to fall short of expectations. 

In Nepal, for instance, the Department of Irrigation has 
adopted policies and programmes in the past two decades to 
improve irrigation and water resource management. Recur¬ 
ring elements of these programmes include decentralization, 
user participation, women’s inclusion and, more recently, 
public-private partnerships (Gautam 2006; Shukla and 
Sharma 1997; Singh et al. 2014). Yet Nepal’s irrigation and 
water resources development sector continues to be charac¬ 
terized by infrastructure interventions that are typically 
proposed and executed by an elite class of male engineers; 
and because such interventions tend to be designed in such a 
way that they fit the existing national socioeconomic context 
(for instance, the construction of an irrigation system without 
implementing land reforms), persistent and historic injus¬ 
tices and social inequities along divisions of class, caste, and 
ethnicity and gender (DFIDAVB 2006) are being reproduced 
through such hardware interventions. 

More generally, more than three decades of main- 
streaming gender in (water) development research and 


6 A scale challenge represents a situation in which the current 
combination of cross-scale and cross-level interactions threatens to 
undermine the resilience of a human-environment system (Cash et al. 
2006 ). 




14 In the Shadows of the Himalayan Mountains: Persistent Gender ... 


511 


policy have failed to come to grips with ‘masculinities’ in 
the profession (Laurie 2005; Liebrand 2014). In spite of 
repeated calls by feminist researchers to address masculini¬ 
ties in NRM, engineers and experts in water planning still 
tend to be men and modernist convictions are rarely dis¬ 
cussed and challenged in the promotion of science and 
technology (Zwarteveen 2008, 2011). Hence, in spite of 
critique, a question of ‘what does it deliver’, continues to 
guide most discussions on planned development—not if it 
delivers at all or what it means for different people and how 
it actually works in the field. A knowledge tradition that sees 
the world as uniform, makeable, and manageable remains 
the dominant model; and most development interpretations 
in research and policy, for instance, made by irrigation and 
water experts today continue to emphasise and attach greater 
value to knowledge and experiences that present the world 
as rational, universal, and genderless (Liebrand 2014). 

As noted, ‘masculinity’ is not just about men. Women 
professionals in engineering can be gender-insensitive and 
male engineers can be gender champions. For example, some 
male engineers in the Department of Irrigation are found 
today who discuss gender issues professionally and ration¬ 
ally, working hard to meet social equity and gender goals in 
development (see Udas and Zwarteveen 2010). It also is 
visible that gender and women have earned a legitimate place 
in water research and irrigation policy agendas, but at the 
same time there is to date little reflection among professionals 
on development norms and ‘masculinity’ in environmental 
governance and how these influence, for instance, water 
expert thinking and the way experts see irrigation develop¬ 
ment and water resources management. To address this 
concern, a way forward is to increase a capacity in experts to 
reflect on their knowledge and professional practises; they 
need to internalize a conviction that knowledge and devel¬ 
opment is never neutral and value-free. One promising way 
to achieve this is to integrate social sciences knowledge more 
firmly in engineering and technical education, and to ensure a 
more diverse representation among professionals themselves, 
in terms of social background (e.g., more women profes¬ 
sionals, more experts of marginalized classes, castes, and 
ethnicities) and disciplinary education (hiring more sociolo¬ 
gists in engineering departments, for instance). 


14.4 Conclusion 

This chapter has shown that climate change and extreme 
weather have differential impacts on women and men in the 
HKH. The case studies confirm that women’s experiences in 
the HKH are multiple, differentiated, and sometimes contra¬ 
dictory and, in some cases, effect new chains of vulnerability. 

Women across different socioeconomic categories are 
disproportionately affected because of structural inequalities 


in the distribution of rights, assets, resources, and power based 
on repressive cultural rules and norms. As a result, women are 
often poorer and less educated than men and excluded from 
political and household decision-making processes at various 
scales that affect their lives. Today’s technocratic programs 
include women in economic development; this inclusion is 
rationalized only by an appeal to economic gain. While the 
pursuit of economic efficiency can offer women economic 
opportunities, it does not fully address their unequal power 
relations with men, vis-a-vis equal wages for equal work, or 
the sharing of domestic work responsibilities. Accordingly, 
the focus needs to be more on context. This means not only 
recognition of women’s vulnerabilities but also how gender 
roles and identities constructed for women as well as for men 
contribute to gender imbalances, inequalities, power, and 
privilege. Interventions must shift their attention to the 
structures that underlie gender inequality. This work calls for 
long-term political engagement. 

A major problem is that empirical data on the impacts of 
climate change are often presented in aggregate terms, 
reflecting an unfounded assumption that climate change 
affects people uniformly. Policy makers need to acknowl¬ 
edge that experiences of climate change, and responses to 
climate change, are defined by intersecting factors of age, 
caste, class, gender, and ethnicity. Therefore, policy needs to 
support mechanisms for collection of disaggregated data. 
This will require the development of such mechanisms, 
which can be shared and communicated effectively. 

At the same time it must be understood that gender dis¬ 
aggregated data have their uses and limits: They can indicate 
disparities and differences (uses), but there is a need to 
explore and understand the multi-scalar drivers of inequality. 
This requires highly textured studies—nested, multi-scalar, 
and historical—that ask compelling questions about power, 
identity, struggles, and exclusions using mixed quantitative 
and qualitative methods. Such studies are urgent if we want 
to address the gender gap and track progress according to the 
SDG targets. 

Far too often, when programmes talk about addressing 
gender, they imply acting at the household or community 
levels by taking the poor women as ‘volunteers’. They typi¬ 
cally address women’s practical gender needs, by associating 
women’s needs and aspirations as small in size and 
subsistence-oriented, which, while an important entry point, 
often do not question the gender division of labour or access to 
resource rights and ownership. The consequence is that this 
creates an unsurpassable binary of scale between what hap¬ 
pens in households and communities and the broader arena of 
strategic environmental decisions (Lahiri-Dutt 2014). Fur¬ 
thermore, such an approach ignores women’s strategic needs 
that are critical to women’s empowerment and ultimately to 
transformative change. Interventions must shift their attention 
to the structures that underlie gender inequality. 
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While the creation of space for women to participate in 
natural resources management and governance is critical in 
terms of exercising voice and agency, policies must not 
further feminize responsibilities in ways that will add to, 
rather than reduce, environmental burdens for women. 
Women’s engagement and participation in climate change 
policy making and on-the-ground interventions should fol¬ 
low a logic that is empowering and promotes women’s rights 
—not one that is dictated solely by efficiency. 

Making development and adaptation efforts more gender 
inclusive and socially inclusive will require addressing con¬ 
textually determined relations of inequality at the household, 
community, and other institutional levels. Such efforts are 
more likely to lead to sustained, transformative outcomes 
when based on longitudinal studies that explore how climate 
change affects various groups of women and men, both 
separately and jointly. This work calls for long-term political 
engagement and will require consistent attention to address¬ 
ing these complex relations of inequality to ensure and enable 
change. Unfortunately, there is no simple, easy way to reduce 
the complexities of gender inequality. Attention needs to be 
paid to such challenging dimensions of development practice 
if preparedness for climate and natural resource management 
is to address gendered divides and disparities. Without pro¬ 
fessional and critical self-reflection, we have little reason to 
assume that new policies will succeed any more than past 
efforts to increase gender equality, women’s empowerment, 
social inclusion, and climate change adaptation. 

Underlying all this is that policies need to allocate 
resources—financial and human—for gender responsive 
interventions at scale and adopt clear accountability mech¬ 
anisms, such as gender budgeting, to demonstrate their 
commitment to gender equality as indicated in the SDGs. 

In conclusion, we set forth a vision of inclusive devel¬ 
opment for the HKH complementing, and in the spirit of, the 
Sustainable Development Goals adopted by the global 
community in 2015: By 2030, environmental governance 
processes, policies, and strategies at scale (from local to 
global) are gender inclusive and cognizant of the mosaic of 
nested, uniquely diverse, dynamic, and mostly 
gender-inequitable socio-ecological systems in the HKH. 
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Chapter Overview 


Key Findings 

1. Migration drives a broad range of economic, 
social and political changes throughout the 
HKH, while migration itself is determined by 
multiple factors. The decision to migrate is 


influenced by demographic, economic, environ¬ 
mental (including climate change), political and 
social drivers, as well as by individual and 
household characteristics, and intervening obsta¬ 
cles and facilitators. In most situations in the HKH 
region, economic drivers will continue to be the 
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most influential among the drivers. The aspirations 
of youthful populations, concentration of higher 
education opportunities in urban centres, ever 
widening transportation infrastructure and contin¬ 
uous improvement in digital communication will 
bolster the influence of the economic driver. 

2 . Labour migration contributes significantly to 
poverty reduction in the HKH region, although 
this depends on who is able to move, and under 
what conditions. The effects of migration in 
sending areas in the HKH region depend on the 
characteristics of sending household, financial 
institutions, markets, migration type, public 
amenities, social networks and social structures. 
Migration can be seen as a way to promote 
resilience to climate change, but investment in 
agriculture or climate adaptation is rarely the 
first priority of migrant households in moun¬ 
tainous area. Generally, remittances are invested 
in consumer goods, education, food, health care, 
and housing. 

3. Issues associated with internal migration 
remain peripheral to the policy discourse of 
most HKH countries, even though more than 
three times as many people migrate internally 
compared to international migration. Moreover, 
policymakers and planners tend to perceive rural to 
urban migration as a challenge to urban and rural 
development. There is a need to mainstream 
migration in development policies and 
programmes. 


Policy Messages 

1. HKH countries focusing on development will be 
more successful if policy makers approach 
migration not as a challenge, but instead seek 
ways to mainstream it into adaptation, devel¬ 
opment and risk reduction processes. Such 
mainstreaming can occur within national policy 
processes and sub-national programmes associated 
with the Sustainable Development Goals, the 
Sendai Framework for Disaster Risk Reduction, 
and the United Nations Framework Convention on 
Climate Change. Governments could create 
enabling conditions that help people to choose 
whether they migrate to another place or stay 
where they are, rather than explicitly or implicitly 
attempting to prevent migration. For this, policy 


makers, researchers as well as grass roots NGOs 
in the HKH countries urgently need quality data 
on seasonal migration, remittances, and reinte¬ 
gration of returnee migrants. To understand 
better the effects of migration in mountain areas, 
the census and national sample surveys need to 
provide mountain-specific data. 

2 . Social protections—such as the right to access 
public amenities and services—should be made 
portable across administrative boundaries. To 
ensure portability of rights and entitlements, spe¬ 
cial efforts may be needed in countries with a 
federal model of governance to address the prob¬ 
lems faced by internal migrants in accessing social 
security programmes in destination communities. 

3 . Measures to reduce migration costs and decen¬ 
tralize migration governance are required if 
low-income households are to benefit fully from 
migration. For instance, opening labour offices 
(that issue work permits or have help-desks) in the 
district centres could improve accessibility among 
migrant workers from low-income households and 
female migrants. This would make the migration 
process safer and strengthen migration governance. 
Such measures will also enhance the benefits of 
migration for the sending families—especially 
female family members. 


For the countries of the Hindu Kush Himalaya (HKH) re¬ 
gion, the importance of migration continues to be significant 
for livelihoods. Migration governance, therefore, is a critical 
priority ( well-established ). This chapter focuses on labour 
migration in the eight HKH countries. It explores the 
countries’ overall migration experience and, where possible, 
highlights findings specific to mountain areas of the HKH. 

Migration generally leads to changes in sending house¬ 
holds and origin communities (established but incomplete). 
Assets are created; livelihoods are diversified. People in these 
households and communities gain better access to food, and 
they are more likely to have a safety net during a crisis. They 
are better able to access information. They acquire new 
knowledge and skills. Their social networks expand. 

Remittances from migrants can have both positive and 
negative effects on the remittance-receiving households and 
origin communities, depending on context-specific factors 
(established but incomplete). Among these factors are the 
type of migration; the stage in the migration cycle; the asset 
base of the sending household; and the institutions and gen¬ 
eric development conditions present in the origin community. 
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Migration governance in the HKH comprises various 
national, regional and international policies and frameworks 
{well-established). Both national polices and regional and 
international instruments govern migration from and within 
HKH countries. The range and coverage of these policies 
vary significantly by country. Where international migration 
is seen as a significant issue—as in Bangladesh, India, 
Nepal, and Pakistan—it is governed by comprehensive 
policies and regulations and by nodal ministries. 

Over time, major origin countries have increasingly rec¬ 
ognized that migration can promote economic development 
—through decent wages for migrant labour, and also 
through the earning of foreign exchange {established but 
incomplete). Accordingly, some countries have acted in 
various ways to facilitate international migration {estab¬ 
lished but incomplete). These measures include establish¬ 
ment of a migration governance system; reducing migration 
costs; streamlining the remittance transfer process; assisting 
the reintegration of returnee migrants; and engaging the 
diaspora in national development. 

Earlier, international migration governance was based on 
regulation and control {well-established). Governments have 
sought to manage recruitment, introduced restriction on 
movements of certain categories of workers (such as unskilled 
women). Some of the HKH countries have criminalised 
irregular and undocumented migration. Nonetheless, protec¬ 
tion mechanism in both origin and the destination countries 
remained weak. In recent times some of the HKH govern¬ 
ments have introduced new migration polices, framed new 
laws, created a separate ministry, among other actions 
{established but incomplete). For example, the Government 
of Nepal is trying to set a basic condition for a job contract 
whereby the employer is responsible for bearing the cost of 
the visa, ticket, and all other related expenses for the worker. 
The prospective migrant requires to pay only for services such 
as pre-departure orientation training, medical check-ups, the 
government-mandated worker’s welfare fund and insurance. 

Along with international migration, the HKH also expe¬ 
riences internal and cross-border migration. Urban centres 
are attractive to the migrants due to access to employment 
opportunities, urban amenities and services (e.g. education, 
electricity, healthcare and water), and opportunities for 
participating in the market. A lack of adequate education 
facilities, particularly opportunities for higher education, is a 
common reason for the youth to migrate to urban centres. 
Mountain communities are increasingly better connected 
with major market centres due to development in commu¬ 
nication and transportation. 

On internal migration, most HKH countries have public 
policies that reflect a strong sedentary bias: migration is 
perceived as a challenge to urbanization and planning pro¬ 
cesses. Discussion on internal migration in the context of 
urban development mostly concentrates on measures to 


reduce migration from rural to urban areas. This negative 
attitude towards internal migrants is often supplemented by a 
“sons of the soil” ideology {well-established). 

Internal migrants to urban areas of HKH countries—who 
are relatively less educated, less skilled, and employed in the 
informal sector—experience exclusion of various nature 
{established but incomplete). Denied their rights, these 
internal migrants hardly enjoy social security such as public 
food distribution. They lack access to education and health 
care. Most importantly, they lack entitlement to housing at 
their migration destination, because they lack proof of 
identity and residence. In many cases they and their families 
end up living in informal settlements, with limited access to 
public amenities. 

These forms of exclusion limit the benefits of rural to 
urban migration {well-established). Moreover, they create 
new risks for internal migrants and their families {established 
but incomplete). Accordingly, vulnerable internal migrants 
in HKH countries—who work in marginalised areas such as 
domestic work, construction, hawkers, and security guards— 
should be supported with new social protection measures. 

Many regional and international instruments are impor¬ 
tant for the governance of migration. The countries of the 
HKH have acceded to some of these instruments more than 
others. Recently, major sending countries in the region— 
Afghanistan, Bangladesh, China, India, Nepal, Pakistan— 
have joined regional consultative forums, such as the 
Colombo Process and Abu Dhabi Dialogue. A few of them 
have ratified the 1990 UN Convention on the Protection of 
All Migrant Workers and Members of Their Families. 1 But 
none of these countries has ratified the IFO Conventions that 
are considered significant for migrants: the Domestic 
Workers’ Convention (2011) (Cl89), 2 the Migrant Workers 
(Supplementary Provisions) Convention (1975) 3 (No. 143), 
and the Private Employment Agencies Convention (1997) 4 
(or Cl81) {well-established). 

A significant development for the HKH in recent years 
has been the expansion of laws and policies against human 
trafficking {established but incomplete). Countries in the 
region have shifted away from a narrow definition of traf¬ 
ficking—limited to intended commercial sexual exploitation 
—to a broader interpretation that includes labour trafficking, 
slavery, bonded labour, organ trade, and drug trafficking. 
Eaws in Bangladesh and Nepal have enabled the creation of 
special funds to support victims. Although gaps remain in 


1 http ://w w w. ohchr. org/EN/Professionallnterest/Pages/CM W. aspx . 

2 http://www.ilo.org/dyn/normlex/en/f?p=NORMLEXPUB : 12100:0:: 
NO::P12tOO_ILO_CODE:C189. 

3 http://www.ilo.org/dyn/normlex/en/f?p=NORMLEXPUB : 12100:0:: 
NO:: P12100_ILO_CODE: C143. 

4 http://www.ilo.org/dyn/normlex/en/f?p=NORMLEXPUB: 12100:0:: 
NO:: P12100_IN STRUMENT_ID:312326 . 




15 Migration in the Hindu Kush Himalaya ... 


521 


the implementation of these anti-trafficking laws and poli¬ 
cies, the changes are welcome. 

A challenge to analysing migration’s effects across the 
HKH is that certain countries in the region, such as Nepal 
and Afghanistan, are mostly mountainous, whereas others 
are not. For example, only a small part of Bangladesh (the 
Chittagong Hill Tracts) belongs to the Himalaya mountain 
system. Whereas Nepal’s experience—as a country—of 
short-term international contractual migration can generally 
be applied to its mountain areas, Bangladesh does not allow 
for such generalization: its national data may not reflect any 
conditions specific to the mountains (i well-established ). 

Migration and the Sustainable Development 
Goals 

Two Sustainable Development Goals (SDGs) directly 
pertain to migration governance. The first of these is 
SDG 8: Promote sustained, inclusive and sustainable 
economic growth, full and productive employment and 
decent work for all. Under this goal, Target 8.8 espe¬ 
cially highlights the need to protect migrant workers: 
“Protect labour rights and promote safe and secure 
working environments for all, including migrants, in 
particular women migrants, and those in precarious 
employment.” Other targets under SDG 8 with impli¬ 
cations for migrants include 8.2, 8.5, and 8.10. 

The second SDG with targets focused on migrants 
is SDG 10: Reduce inequality within and among 
countries. Two targets under this goal call for efforts 
specifically related to migration: 

• Target 10.7—“Facilitate orderly, safe, regular and 
responsible migration and mobility of people, 
including through the implementation of planned 
and well-managed migration policies.” 

• Target 10.C—“By 2030, reduce to less than 3% the 
transaction costs of migrant remittances and elim¬ 
inate remittance corridors with costs higher than 
5 %.” 

Beyond SDGs 8 and 10, migration will also be 
affected by initiatives under the SDGs to end hunger 
(Targets 2.4 and 2.C); to educate and develop skills 
equitably, including for women and the marginalized 
(Targets 4.4, 5.A, 13.B); to promote inclusive cities, 
with safe, affordable housing and secure living con¬ 
ditions (Targets 11.1. and 11.5); and to meet a range of 
other development objectives (Targets 1.5, 6.4. 6.5, 
6.6, 9.1, 9.C, 13.1). 

Households in the HKH adopt migration as a 
strategy to increase their income, diversify their 
livelihoods, seek a better life, and manage risks arising 


from various stresses and shocks. As countries in the 
region pursue their development priorities, they should 
emphasize programmes that provide for social inclu¬ 
sion, social protection, and adaptation planning. 
Countries can unlock the potential of migration by 
reducing its risks—protecting households against the 
possibility that migration will erode their assets. Other 
recommended steps are to make the policy response on 
human mobility comprehensive; to enable migrants to 
benefit from government development initiatives, 
including the response to climate change; and to bring 
remittances into development planning, exploring how 
they may enhance capacity in communities of origin. 


15.1 Labour Migration in the HKH: 

A Challenge and Opportunity 
for Inclusive Growth 

Migration has become an integral part of current global 
development process. As per United Nations Department of 
Economic and Social Affairs (2013a, p. 25) in 2005, 763 
million people have moved within their own countries and 
another 232 million people have moved outside their coun¬ 
tries of origin (United Nations Department of Economic and 
Social Affairs 2013b). This chapter is on internal and inter¬ 
national labour migration from the Hindu Kush Himalayan 
(HKH) region. Across the HKH countries population move¬ 
ment is widely perceived as a challenge. However, there is a 
growing understanding that it can also open up new oppor¬ 
tunities for development for those who migrate, their left 
behind families, communities of their origin as well as to the 
national economies of origin and destination areas and 
countries. Emerging research shows that a large number of 
climate change affected households in this region have been 
using labour migration as one of the many adaptation tools. 
Remittances sent by the migrants are being used in disaster 
risk reduction. In the past mainly men migrated for work, and 
women were left behind, or, accompanied the men as spouse. 
Since the beginning of the new millennium, an ever increasing 
number of women are participating in labour migration in 
some of the HKH countries. This chapter attempts to under¬ 
stand the dynamics of labour migration in this region. One of 
the major goals of the chapter is to consolidate the current 
state of knowledge on migration, and where possible, collate 
mountain-specific information on migration. It concentrates 
on three areas of migration research: drivers, consequences, 
and governance of labour migration. 

There are several challenges in analysing migration in the 
HKH region. For one, most parts of Afghanistan, Bhutan, 
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and Nepal are considered to be within the HKH whereas 
only a small part of Bangladesh belongs to the Himalaya. 
Therefore, while the experience of short-term international 
contractual migration of Nepal, for example, can be gener¬ 
alized for the mountain and mid-hill areas of the country, 
such a generalization is not possible in the Chittagong Hill 
Tracts of Bangladesh. Unlike other parts of Bangladesh, 
three districts of Chittagong Hill Tracts (i.e., Bandarban, 
Khagrachhari and Rangamati) hardly had any experience of 
short-term international migration. In the case of China, 
India, and Myanmar, different patterns and characteristics of 
population movements are observed in different parts of 
mountain regions of these countries. Hence, it is challenging 
to meaningfully analyse the implications of labour migra¬ 
tion, particularly for the areas belonging to the HKH region. 
Absence of mountain specific data in nationally representa¬ 
tive sample surveys is another challenge. Data that are 
generated at the country level are not gathered following 
common standardized definition and method. This limits the 
scope of cross-country comparisons. Besides, the available 
migration data from country level census is unlikely to cover 
circular and temporary migration. Though the data on 


international remittances have been improving over the past 
decade, data on domestic remittances remains scarce and 
scattered in several HKH countries. 

The chapter is divided into five sections including this 
introductory one. Section two presents the country-specific 
migration patterns. Section three looks into what drives 
labour migration from the mountain areas of these countries. 
Section four presents consequences of labour migration for 
mountain communities. Section five analyses the governance 
of labour migration in the HKH region. Section six draws 
some key conclusions. 


15.2 Diverse Trends, Consistent Importance 
of Migration 

This section provides a brief country-specific overview of 
the diverse patterns of migration and remittance flow in the 
HKH. All HKH countries, except Afghanistan and Bhutan, 
show an increasing stock of emigrants (see Fig. 15.1). Fig¬ 
ure 15.2 shows that the countries of the HKH region 
received a considerable amount of remittances. There has 


Fig. 15.1 Changes in the 
emigrant stock of the HKH 
countries (,Source United Nations 
Department of Economic and 
Social Affairs 2015; http://www. 
un.org/en/development/desa/ 
population/migration/data/ 
estimates2/estimates 15. shtml) 
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Fig. 15.2 International 
remittances received by HKH 
countries in 2016 (in Million US 
Dollar) {Source World Bank 
2017; https://data.worldbank.org/ 
indicator/BM.TRF.PWKR.CD. 
DT) 
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been a sharp rise in remittances in countries like Bhutan and 
Myanmar in recent years (see Fig. 15.3). 

15.2.1 Afghanistan: Mixed Flows 


Afghanistan’s migration patterns are perhaps the most unique 
across the world. The country in its recent history produced 
one of the highest number of refugees and internally displaced 



Fig. 15.3 Changes in the index of international remittances received 
by HKH Countries in 2016 (2008 = 100) {Source World Bank 2017; 
https ://data. worldbank.org/indicator/BM.TRF.PWKR.CD .DT) 


persons, while it has also become the largest recipient of 
returnees (Norland 2016). The history of internal, regional 
and international displacement in Afghanistan is directly 
linked to its political, economic and social formations, and in 
particular, it is linked with protracted years of war and con¬ 
flict. Since 1979 when Afghans left the country due to Soviet 
invasion, the net negative migration rate was 56.7/1000 per¬ 
sons; between 1990 and 1995 it reversed to positive net 
migration of 44.4/1000 persons, and under the Taliban regime 
(1995-2000) this rate sank below parity to -6.5/1000 persons 
(International Organization for Migration 2014). Over 
320,000 Afghans returned in 2016 alone. The country has 
become the largest recipient of returnees in comparison to all 
European and South Asian countries put together (Norland 
2016). There are 2.5 million Afghan refugees still living in 
Pakistan; of them 1 million are registered, and 1.5 million are 
unregistered (or undocumented) and hence cannot access 
United Nations High Commissioner for Refugees cash grants 
or get verified as refugees for getting support (Ahmadi and 
Lakhani 2017). There are 950,000 Afghan refugees in Iran 
and returns from Iran during 2016 were 436,236 undocu¬ 
mented and 2305 documented (Ahmadi and Lakhani 2017). 
Many of returnees from both Iran and Pakistan are considered 
‘voluntary returnees’. However, in reality the repatriations are 
often coercive with refugees left with little choice to remain 
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(Ahmadi and Lakhani 2017). Despite this fact, Pakistan still 
remains the first destination for the Afghan refugees. Over 1.2 
million persons are displaced internally. The majority of 
internally displaced Afghans come from four provinces: 
Kundoz (northern), Uruzganan and Helmand (southern) and 
Farah (western). During 2016, more than half of the IDP 
population (56%) were children (Bjelica 2016). Afghanistan 
is also the second largest source country for refugees globally. 
There are 2.7 million Afghan refugees across the world 
(United Nations High Commissioner for Refugees 2017). 

15.2.2 Bangladesh: Moving Within and Beyond 

With a population of 160 million, Bangladesh is the most 
densely populated country of the HKH region. In 2015, 90 
out of every 1000 people moved from rural to urban areas 
(Bangladesh Bureau of Statistics 2016). Bangladesh is 
rapidly becoming urban. Rural-urban population movement 
is one of the major reasons behind such urbanization. Sea¬ 
sonal migration is also extremely common in Bangladesh. 
However, there is little data on this. 

Since 1970 Bangladesh has been participating in the 
short-term labour market of the Gulf and other Arab coun¬ 
tries, and Southeast Asia. Traditionally only men partici¬ 
pated in this market. Since the lifting of the ban in 2003, the 
number of female migrants also started increasing. In 2016 
around 750,000 persons migrated overseas for employment. 
Sixteen percent of them were women. Bangladeshi workers 
mostly get jobs under unskilled and semi-skilled categories. 
However, as the Bureau of Manpower Employment and 
Training of the Government of Bangladesh considers 
domestic workers as skilled, government statistics show 
quite a high proportion of skilled workers. Bureau of Man¬ 
power Employment and Training data indicate that among 
the total migrant workers who went abroad in 2016, 43.1% 
were skilled, 40.08% were less skilled, 15.83 were 
semi-skilled, and 0.61% were professionals (Bureau of 
Manpower Employment and Training 2016). The education 
level of those who participate in the short-term international 
labour market is lower than that of people who migrate from 
rural to urban areas for work (Siddiqui and Mahmood 2015). 
Eighty-one percent of the total workers who migrated in 
2016 moved to Gulf and other Arab countries, and the 
remainder migrated to Southeast Asia. Oman, Saudi Arabia, 
Qatar, Bahrain, and Singapore were the major destinations of 
Bangladeshi migrant workers in 2016 (Bureau of Manpower 
Employment and Training 2017). However, international 
short-term migration from three hill districts of the Chit¬ 
tagong Hill Tracts region is almost non-existent. The flow 
from Bandarban, Khagrachhari and Rangamati constituted 
0.12%, 0.07% and 0.06% respectively of the total flow in 


2016. (Refugee and Migratory Movements Research Unit 
2017). More importantly, people from these three districts 
who participate in migration are from the Bengali commu¬ 
nity; the ethnic hill population does not have representation 
in international migration. Since the Peace Accord of 1997, 
internal labour migration from the CHT has been increasing. 
Indigenous male population from this area mostly migrate to 
export processing zones of Chittagong Division to work in 
the manufacturing sector and to the mega city of Dhaka 
where they have created a niche as security guards. Women 
participate in the manufacturing sector and domestic work. 

Bangladesh is a major remittance receiving country. As 
per World Bank data from 2014, its position was 10th in the 
world (The World Bank 2016a). The flow of remittance 
dropped substantially in 2016. That year Bangladesh 
received USD 13.6 billion. The figure was almost 11% less 
than in the previous year (Bangladesh Bank 2017). A similar 
decline in remittance inflow was experienced by India and 
Nepal. Drop in oil prices, low economic growth in the Gulf 
region, and depreciation of Euro and Pound Sterling have 
been identified as major reasons (The World Bank 2016a). 
Saudi Arabia is still the most important source of remittance 
for Bangladesh, followed by the UAE, USA, and Malaysia. 

15.2.3 Bhutan: A Closed Mountain State? 

Bhutan has an estimated population of 764,667 people of 
whom 30.6% live in the urban areas and the remainder 
continue to live in the rural areas (Ministry of Labour and 
Human Resources 2015). A study by the Ministry of Agri¬ 
culture and Forest (2013, p. 1) estimated that 21.4% of the 
total population are migrants. Between 2000 and 2013, the 
migration rate in Bhutan was estimated to be 10.9/1000 
people (Ministry of Agriculture and Forests 2013). One of 
the key issues facing Bhutan is the migration of people from 
rural to urban areas. It has been reported that nearly 65.6% 
of rural households have at least one member who has 
migrated to an urban centre (Ministry of Agriculture and 
Forests 2013). Urban centres in Thimphu dzongkhag were 
destinations of one-third of the migrants. Previous research 
has shown that lack of employment opportunities, limited 
access to education, small landholding, limited access to 
market, and limited access to other services (e.g. health and 
motor-roads) are the major reasons why people leave their 
rural homes (Ministry of Agriculture 2006; Ministry of 
Agriculture and Forests 2013). Out-migration from Bhutan 
is minimal and consists mostly of Bhutanese students 
studying abroad. Bhutan also receives immigrants, particu¬ 
larly temporary migrant workers from India, who mostly 
work in the construction sector (Ministry of Labour and 
Human Resources 2015). 
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15.2.4 China: Inter-provincial Migration 

China’s rapid development and urbanization has induced large 
numbers of rural residents to migrate from their homes in the 
countryside to urban areas (Hu et al. 2008; Ministry of Human 
Resources and Social Security 2013; Wen and Lin 2012). The 
2016 Migrant Worker Monitoring Survey Report shows that 
there were 281.7 million migrant workers, which account for 
about three quarters of its rural labour force (National Bureau 
of Statistics of China 2017). Among those migrant workers 
from rural areas, 45% migrate to places within their own 
provinces whereas the rest migrate outside of their provinces. 
However, there are significant variations across regions. The 
same report reveals that eastern and northeastern regions see 
82% and 77% of their migrant workers migrate within pro¬ 
vinces. In contrast, these numbers are 48% and 38% for 
western and central regions, respectively. 5 

Disaggregation by gender shows that women account for 
35% of the total migrant workers with the rest 65% being 
men. Among those who migrate within their provinces, the 
share of women is 37%, five percentage points higher than 
the share of women among those who migrate outside their 
provinces (National Bureau of Statistics of China 2017). 

If we look at the migrant workers by birth cohorts, the 
National Bureau of Statistics of China (2017) report shows 
that while the share of the 21-30 and 41-50 cohorts of 
migrant workers are 27% and 29% respectively, the per¬ 
centages are 19% and 22% for 50 and above and 31-40 
cohorts respectively. Only a small share (3%) of migrant 
workers fall into the 16-20 cohort. 

As with the rest of the developing countries in this region, 
it is difficult to get a good estimate of the total volume of 
remittances sent home by migrant workers. According to 
Gong et al. (2008), migrants from rural areas in China sent 
about USD 30 billion remittances in 2005. 

In China, the pattern of migration in its mountainous 
regions looks somewhat different than the pattern in China as 
a whole. Taking Sichuan province in the southwest part of 
China, for example, a recent survey conducted in rural 
Sichuan by Zhang et al. (2017) shows that in 2015, 79% of 
rural labour force had found some off-farm employment. Of 


5 The east region includes 10 provinces/municipalities: Beijing, Tianjin, 
Hebei, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong and 
Hainan. The northeast region includes 3 provinces: Liaoning, Jilin and 
Heilongjiang. The central region includes 6 provinces: Shanxi, Anhui, 
Jiangxi, Henan, Hubei and Hunan. The west region includes 12 
provinces/autonomous regions/municipalities: Inner Mongolia, 
Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, 
Gansu, Qinghai, Ningxia and Xinjiang. Statistics show that in 2015, the 
per capita GDP in the east region ranks the first at 71,013 Yuan, 
followed by the northeast region (52,814 Yuan), the central region 
(40,274 Yuan), and the west region (39,056 Yuan) (National Bureau of 
Statistics of China 2016). 


them, 24% migrated within Sichuan province while the rest 
migrated to places outside of Sichuan. As for the gender 
composition of those migrants, 49% are women with the rest 
51% being men. When it comes to age, while the share of 
the 50 years old and above and 41-50 cohorts of migrant 
workers are 31% and 26% respectively, the percentages are 
18% and 17% for the 31-40 and 21-30 cohorts respectively. 
Almost 8% of migrant workers fall into the 16-20 cohort. 
When examining remittances, the survey reveals that 66% of 
migrants sent remittances home. Among those who did send 
remittances, an average migrant sent 20,463 yuan (about 
USD 3,200) home in 2015. 

15.2.5 India: Long-Distance Internal Migration 

Internal migrants account for 37% (453 million) of the 
country’s population as per the 2011 census of India. 
Compared to internal migration, the stock of emigrants was 

15.5 million i.e., about 1.2% of India’s population (United 
Nations 2015). Increasing urbanization and development of 
growth centres in urban locations are contributing to internal 
migration in India. Rural to urban migration has been con¬ 
tributing substantially to urbanization and the rural-urban 
demographic composition of households. The rural house¬ 
holds are increasingly dependent on urban resources and 
non-farm jobs as urbanization has been shaping rural-urban 
relationship through various flows of goods and services, 
financial flows, and movement of people. Several parts of 
the Indian Himalayan region have been urbanizing fast, 
which influences mobility of labour (Lusome and Bhagat 
2013; Mohanty and Bhagat 2013). Increasing urbanization is 
also accompanied by a change in mobility among women. 
Although women predominantly migrate due to marriage 
and family related reasons, a significant proportion of them 
are now joining the workforce after migration (e.g. domestic 
work and construction sector). A large number of placement 
agencies are involved in the recruitment process (Neetha 
2003; Srivastava 2012). 

Emigration from the Indian Himalayan region is lower 
compared to that from the plains. The emigration is largely 
influenced by a higher socio-economic status, a network of 
emigrants and emigration infrastructure (Bhagat et al. 2013). 
On the other hand, inter-state migration from the Himalayan 
region is higher than that from the plains. 

India is the world’s largest remittance recipient. As per 
the World Bank, in 2014 India received USD 70 billion, 
which declined to USD 62 billion in 2016. 6 The 
survey-based estimates show that household remittances sent 
by internal migrants in 2007-2008 were twice those sent by 


6 http://data. worldbank.org/indicator/BX.TRF.PWKR.DT.GD.ZS. 
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international migrants for the same period (National Sample 
Survey Organization 2010). Further, in the Indian Hima¬ 
layan region a relatively higher proportion of households 
(12%) received remittances compared to the non-Himalayan 
part of the country (9%), according to National Sample 
Survey Organization 64th conducted in 2007-2008. 

15.2.6 Myanmar: Through the ‘Open Doors 9 

Migration has been a prominent feature of Myanmar’s 
socio-economic makeup for a long time (e.g., Andrus 1948). 
Nonetheless, the scale and dynamics of migration increased 
in the past couple of decades due to political and economic 
changes both within the country and in neighbouring coun¬ 
tries. The 2014 Myanmar Population and Housing Census 
(Department of Population 2015, 2016) counted over 9.39 
million internal migrants, and based on the number of 
international migrants counted during the Census, it was 
estimated that 4.25 million Myanmar nationals live abroad. 
Together, they represent 25% of Myanmar’s total population 
of 51 million. The Census revealed that recent internal 
movement revolved around Yangon, Myanmar’s former 
capital and the largest city, and suggests that expanding 
industrial development is a powerful instrument influencing 
the direction of migration. Overall, the eastern part of 
Myanmar with geographical proximity to Thailand and China 
experienced high levels of recent in-migration, while the 
central and western part of Myanmar where poverty is more 
widespread experienced net-population loss from migration. 

When it comes to internal migration, female migrants 
outnumber male migrants with 53% of migrants being 
female. While females migrated to follow family (49%), for 
employment (23%) or for marriage (19%), employment was 
the largest most common reason behind male migration 
(47%). The vast majority of recent migrants concentrated at 
ages around 25-30 years, and they were generally better 
educated than non-migrants, and were less likely to be 
unemployed (Department of Population 2016). 

Of the estimated 4.25 million Myanmar nationals living 
abroad, over 70% are reported to have migrated to Thailand, 
followed by Malaysia (15%), and China (5%) (Department of 
Population 2015). 75% of Myanmar migrants in Thailand 
come from the eastern part of Myanmar, which creates a 
vacuum in the labour market in this region, and this in turn 
attracts in-migration of internal migrants from central and 
western Myanmar. Origin states and regions of migrants going 
to other destination countries are more diverse, with Yangon 
being the largest source region. Contrary to internal migration, 
there are fewer female international migrants (39%); however, 
this varies from one destination country to the other (e.g., 97 
and 81% of Myanmar migrants to South Korea and Malaysia 
are male, while 51% to Singapore are female). 


It is difficult to have a good sense of the total volume of 
remittances to Myanmar due to the predominantly informal 
nature of the transfer. The World Bank estimated the total 
remittances to Myanmar in 2015 to be USD 3.2 billion, 
which contributes to 5% of national GDP (The World Bank 
2016b). The Ministry of Labour, Employment and National 
Security (MoLES) was reported to have estimated the annual 
official and unofficial inflow of remittances at USD 8 billion 
in 2015 (Kyaw 2015). International Organization for 
Migration estimated that USD 2.17 billion were sent back 
from Thailand to Myanmar in 2012-2013, of which 83% 
were sent through unofficial channels (Ito 2016). 

15.2.7 Nepal: A Remittance Economy? 

As reported in the Nepal Living Standards Survey (NLSS) of 
2010/11, 53% of households in Nepal have at least one 
absentee living within or outside the country (Government 
of Nepal 2011, p. 133). As per the 2011 Census, this indi¬ 
cates more than two-fold increase in the number of Nepalis 
living away from the country from 2001 to 2011 (Govern¬ 
ment of Nepal 2012). The figures for labour migrants are 
equally significant with a total of 2,723,587 labour permits 
issued by the Department of Labour and Employment from 
2008/2009 through 2014-2015 (Government of Nepal 
2016). While men account for approximately 96% of the 
labour permits issued between 2008 and 2015, the number of 
females seeking employment has increased by 2.5 times over 
the same period (Government of Nepal 2016, pp. 7-8). 
According to data available at the Department of Foreign 
Employment (DoFE), 47% of migrants are from the age 
group 26-35 followed by age group 36-45 (26%). There is 
no significant variation in the age categories of male and 
female migrants (Government of Nepal 2016). 

In terms of destination, the data available from DoFE does 
not include migrant workers going to India since labour per¬ 
mits are not required for India, and to the Republic of Korea 
since workers migrate through the govemment-to- 
govemment agreement (Government of Nepal 2016). How¬ 
ever, if one were to include these countries, the 2011 census 
figures indicate that the percentage of Nepalis going to India is 
equal to those headed towards the Gulf (approximately 38%) 
followed by the ASEAN countries (13%) (Government of 
Nepal 2013). The proportion of Nepali migrants going to 
India has however considerably decreased, from 77.2% in 
2001 to 37.6% in 2011 (Government of Nepal 2014). Primary 
destinations include Malaysia and the Gulf countries, which 
account for 85% of the labour permits issued during the same 
period (Government of Nepal 2016). There is however a slight 
variation in the destination countries for women and men with 
a higher percentage of men going to Malaysia, Qatar, and 
Saudi Arabia, where the demand for construction workers is 



15 Migration in the Hindu Kush Himalaya ... 


527 


higher, while the proportion of females is higher for countries 
like the UAE and Kuwait, where women are mostly employed 
as domestic workers (Government of Nepal 2016). 

Overall, this increasing trend of Nepalis migrating for 
employment abroad has meant that the percentage of 
remittance-recipient households has increased from 23% in 
1995-1996 to 56% in 2010-2011 (Government of Nepal 
2011). Currently, remittances contribute about 30% of the 
country’s GDP—a significant increase from 10.9% in 
2003/2004 (Nepal Economic Forum 2014), making Nepal 
the third-highest recipient of remittances as a share of GDP 
among all countries in the world (The World Bank 2014). 
Remittances to Nepal rose dramatically in response to the 
earthquake, growing by 27.6% in three months from April to 
June 2015 compared to the same period the year before. 
However, following this peak, inflow of remittances has 
slowed down registering a single digit growth by January 
2016. Between February and April 2016, remittances have 
contracted by 5.3% (in USD terms) compared to the same 
period of the previous year (The World Bank 2016c). 

15.2.8 Pakistan: Diverse Flows 

Labour migrants moving internally in Pakistan account for 
approximately 2% of the population—a rate that has been 
roughly constant over the last twenty years. 7 Given the 
country’s size, however, this suggests a stock of 36 million 
migrant workers at any given period of time. The stock of 
international migration is much smaller at 9.6 million (1971— 
2016). 8 That being said, the flow of international migration 
has seen a strong uptick since 2005. The number of workers 
emigrating annually has steadily increased from roughly 
150,000 in 2005 to roughly 850,000 in 2016. 9 In terms of 
areas of origin, nearly 45% of emigrants are from the 10 
HKH districts of Abbotabad, Bannu, Lower Dir, Kohat, 
Mansehra, Mardan, Mirpur, Muzaffarabad, Poonch, and 
Swat. In terms of gender, only 4% of internal migrants are 
women while the gender composition of international 
migrants is unknown (Pakistan Bureau of Statistics 2011). 

In 2016, 90% of international flows were towards just two 
countries, UAE and Saudi Arabia, popular destinations for 
Pakistani workers since the 1970s. Anecdotal evidence 
suggests that these flows generally consist of young single 
men. Moreover, the skill levels of the emigrants also appear 
to be improving over the years, suggesting an impact on the 
magnitude of the remittances (Amjad et al. 2015). In fact, 


7 Pakistan Bureau of Statistics, Labour Force Surveys various rounds. 

8 http://beoe.gov.pk/reports-and-statistics. This is an overestimate since 
it is a sum of outflows over the years. No data is available on return 
migration. 

9 Ibid. 


remittances have increased from roughly USD 1.5 billion in 
1998 to USD 13 billion in 2012, i.e. from 2.0% (1998) of 
GDP to 6.2% (2012). Perhaps more importantly, data from 
2012 suggest that remittances constitute roughly half of the 
exports of goods and services and thus provide critical bal¬ 
ance of payments support (Amjad et al. 2015). 

Few studies have looked into the impact of remittances at 
the household level. Ahmed et al. (2010) show that the mean 
expenditure of a migrant household is 41% higher than that 
of a non-migrant household. Remittances have a positive 
effect on the shares of household expenditures on food, 
education, clothing and recreation. The highest increase is in 
the expenditure share on durables at 74%. The budget share 
of education increases only by 2.9%. Moreover, the impacts 
of remittances on household welfare were strongest in rural 
rather than urban Pakistan. 


15.3 Diverse Trends in Migration 

Migration decision depends upon individual, household, and 
community characteristics, interplay of intervening obsta¬ 
cles, and influence of demographic, economic, environ¬ 
mental, political and social factors. Due to complex 
interactions between these drivers, it is rarely possible to 
identify individuals whose migration decision was solely 
influenced by one particular driver. Despite the existence of 
migration drivers, whether migration occurs or not depends 
on a series of intervening factors and personal household 
characteristics (Black et al. 2011). 

15.3.1 In Search of a Better Life 

The economic prospects of the plains and urban areas con¬ 
trasts with the slower economic development of mountain¬ 
ous areas; with livelihood opportunities in the latter, 
particularly in the rural areas, generally limited to primary 
sector (Kollmair and Banerjee 2011). The farm sector in this 
region is constrained by low productivity and underem¬ 
ployment. It is undermined by environmental shocks and 
stresses, land degradation, land-use regulations, price fluc¬ 
tuations, lack of access to formal credit and lack of market 
access (Bohle and Adhikari 1998; Huo et al. 2006; Liang 
and Ma 2004; Olimova and Olimov 2007). The urban and 
peri-urban areas provide easier access to non-farm income 
opportunities, especially the informal sector, to rural 
households. In Bhutan, internal migration flows primarily to 
the economic hubs of the country—Paro, Chukha, and 
Thimphu—from the rural areas (Ministry of Agriculture and 
Forests 2013; Ura 2013). Similarly, in Afghanistan, Kabul 
receives the largest number of migrants (mostly men, aged 
15-45) followed by Jalalabad et al. (Opel 2005). 
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Respondents of two Chittagong Hill Tracts districts of 
Bangladesh identified a wide range of economic reasons 
from low wage in the area of origin and better income 
opportunities at the destination to desire for economic bet¬ 
terment and coming out of poverty (Siddiqui and Billah 
2014). Unlike in most other developing countries, in Bhutan 
people migrating to urban areas are relatively well-off and 
have a certain level of qualification (Ura 2013). In Afgha¬ 
nistan, the deterioration of the overall security situation as 
well as lack of job opportunities across the country has also 
led to an increase in migration from the villages to urban 
centres (Opel 2005). People who leave rural areas find 
limited opportunities in the urban centres due to their limited 
capacities. Despite this, the rural-urban migration in 
Afghanistan is rising rapidly (Government of the Islamic 
Republic of Afghanistan 2015). 

Migration outcome is also influenced by pre-migration 
wealth and skill level. Rich households have more choices 
with respect to migration destination. Those who migrate to 
developed countries belong to the rich and middle-income 
households or to the highly skilled category. A majority of 
those who migrate to the Gulf region, other Arab countries 
and Southeast Asia to do unskilled work are not from rich or 
middle-income households but they are mostly from 
households above the poverty level. Poorer people are likely 
to opt for rural-to-rural and rural-to-urban, seasonal and 
temporary internal migration with lower salaries and wages 
and thus low remittances. 

15.3.2 Better Educated, Better Connected 

Education has emerged as an important social determinant of 
migration. The lack of adequate education facilities and 
limited access to better education was the most commonly 
cited reason for leaving rural homes in Bhutan (Ministry of 
Agriculture 2006; Ministry of Agriculture and Forests 2013). 
The same is true with mountainous areas of upper Myanmar 
where there is critical shortage of education infrastructure 
coupled with ongoing instability; as a result, larger propor¬ 
tions of people migrate for education (Department of Pop¬ 
ulation 2015). At the same time, most of the migrants from 
this region have some form of education. The literacy rate of 
the migrating population in Bhutan is considerably higher 
than the national average (Ministry of Agriculture 2006). In 
Nepal, Massey et al. (2007) found that each additional year 
of schooling raised the odds of long distance migration by a 
highly significant 5%. 

Migration requires certain resources to meet the costs; 
therefore, it may not be a feasible strategy for all households. 
In Uttarakhand state of India, persons belonging to socially 
dominant castes, which have better access to education, 
financial resources and social networks, are more likely to 


migrate (Jain 2010). Further, as the experience of Nepal 
suggests, the choice of destination is determined by several 
factors such as the socio-economic status of households 
(Bhandari 2004; Jain 2010), stage in migration cycle, type of 
aspired job, labour requirements at home, familiarity with 
destination, and migrant networks (Brusle 2008). Social 
networks based on familial affiliation to a social or cultural 
group influence people’s decision to migrate and choice of 
destination. These networks support migration by extending 
loans, assisting with logistics, arranging jobs and accom¬ 
modation, and providing emotional support to the migrant or 
the family left behind. Benz (2016) reported that assistance 
from one generation of migrants from Gilgit-Baltistan 
allowed subsequent migrants to find employment or to 
enroll in a higher-level education. In a study in Chittagong 
Hill Tracts in Bangladesh by Siddiqui and Billah (2014), 
37% of the respondent households reported that although 
they wanted to send family members to seek work else¬ 
where, they could not since they did not have information on 
work opportunities outside the village. They also did not 
know anyone at the destination (Siddiqui and Billah 2014). 

Though mountain communities are increasingly better 
connected to large market areas of the region due to devel¬ 
opment in communications, electrification, and transporta¬ 
tion (see Benz 2016; Kreutzmann 2004; Olimova and 
Olimov 2007) but the relationship of this progress to 
migration is still ambiguous. Migration may be a conse¬ 
quence of the structural changes in mountain areas. Urban 
centres are attractive to potential migrants because of access 
to employment opportunities, access to urban amenities and 
services such as education, health, electricity and water, and 
opportunities for participating in the market. According to 
the Ministry of Agriculture (2006), rural to urban migration 
is a significant contributor to the urbanization process in 
Bhutan as 72% of all urban dwellers could be classified as 
migrants from rural areas. Increased urbanization has been a 
significant cause of rural to urban migration in the Indian 
Himalayas (Fusome and Bhagat 2013; Mohanty and Bhagat 
2013). In Afghanistan, though, Ghobadi et al. (2005) found 
households that resided in communities with more irrigated 
land and services (e.g. markets, public transportation or 
health facilities) showed lower probability of migration. 

15.3.3 Young Men and Women on the Move 

Demographic factors such as age, gender, and household 
composition influence the migration process. Since the 
establishment of the current political setting in 2001, patterns 
of international migration from Afghanistan have changed in 
terms of gender and age group. For instance, most migrants 
from Afghanistan to the United Kingdom in 2001 were 
young men in their 20s and 30s. In 2006 the number of 
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unaccompanied minors increased. Although the majority of 
Afghan migrants are still young males, the number of female 
migrants—who are married to Afghan residents in other 
countries—has increased since 2008 (Hall 2013). Ministry 
of Agriculture and Forests (2013) reports that the econom¬ 
ically and physically active population migrated the most in 
Bhutan. Ura (2013) indicates that 61.2% of migrants in 
Bhutan comprised young people in the age group of 10- 
34 years, majority of whom were men. Although men still 
dominate migration flows in China, the gap between male 
and female participation in the migrant labour force is nar¬ 
rowing, especially among cohorts aged between 16 and 
20 years old (Li et al. 2013). Male migrants accounted for 
over 95% of the labour permits issued by Department of 
Foreign Employment in Nepal between 2008 and 2015 
(Government of Nepal 2016). A study in Chitwan district of 
Nepal by Massey et al. (2007) reports that while the likeli¬ 
hood of local mobility and long-distance migration declined 
with rising age; this effect was more pronounced for the 
former rather than the latter. The low participation of women 
in labour migration in this region (especially Afghanistan, 
India, Nepal, and Pakistan) can be explained by women’s 
lack of education and exposure to migration opportunities as 
well as the traditional division of labour by household, 
which requires women to oversee domestic responsibilities 
(Hoermann et al. 2010). Marriage is a major reason for 
female migration in the entire HKH region. Gender and 
other forms of social inequities are some notable drivers of 
migration; severe exclusion is one of the factors that compel 
people to migrate. A few studies on female migration have 
identified family violence and/or broken homes as a reason 
for women’s migration from Nepal (Bhadra 2013; Interna¬ 
tional Labour Organization 2015). In Bangladesh some 
women migrated to accumulate resources to bear the cost of 
their own or their family members’ wedding including 
dowry (Siddiqui 2008). 

15.3.4 States Policies Shape Migration 

States policies seek to either explicitly or implicitly control 
migration, or may have an independent effect on whether 
people move or not. A hukou classifies China’s citizens as 
either rural or urban residents. Without an urban hukou, 
migrants and their families have limited access to urban 
public services, including housing, healthcare, social secu¬ 
rity, and above all, education. The education of migrant 
children has become one of the major challenges for both 
migrant families and the Chinese education system. In 
China, public schools are supposed to provide free education 
to children. However, the free education is only guaranteed 
to children whose hukou matches the school’s location (Fu 
and Ren 2010). Since migrant children in cities still retain 


their rural hukou, they are allowed to enroll in urban public 
schools only if there is available space. In many cases 
migrant parents can only enroll their children if they are 
willing and able to pay steep out-of-district tuition fees. 
Though in a case study in Uttarakhand state of India, Jain 
(2010) suggests that Mahatma Gandhi National Rural 
Employment Guarantee programme had reduced the need 
for seasonal migration, mainly among unskilled or less 
educated persons, the impacts of this programme on 
migration remains ambiguous. The Government of Nepal in 
August 2012 placed another ban on women less than 
30 years of age from migrating abroad to work as domestic 
help. The ban was lifted in 2016, but on the condition that 
the minimum wage requirements for domestic workers have 
been met (Government of Nepal 2015; International Labour 
Organization 2015). 

In turn, other policies seek to facilitate migration. The 
open border between India and Nepal was recognized by the 
India-Nepal Treaty of Friendship of 1950. This permitted 
the citizens of either country a visa-free entry into the other 
country and stay as long as desired (Adhikari et al. 2008; 
Subedi 1991). For the poor, acquiring official documents 
such as a passport could often be an insurmountable chal¬ 
lenge (Hoermann and Kollmair 2008). However, the open 
border between India and Nepal allows them to use other 
national identification documents. For example, an Indian 
citizen could use any one of the following documents to 
enter Nepal: Driving license with photo, election commis¬ 
sion card with photo, identity card issued by Embassy of 
India in Kathmandu, identity card with photo issued by 
Sub-Divisional Magistrate or any other higher ranking offi¬ 
cials, passport, photo identity card issued by a government 
agency or ration card with photo. 10 A Nepali citizen could 
establish his/her identity as a Nepali citizen using a citi¬ 
zenship certificate, limited validity photo-identity certificate 
issued by Nepalese Mission in India passport or voter’s 
identification card. 11 

There is no legal regime for labour migration between 
India and Bangladesh. However, migration for work does 
take place between the two countries, but flows are mostly 
irregular. Those who migrate from Bangladesh are less 
skilled workers. Men mostly work as agricultural and day 
labourers, waste collectors, rickshaw pullers, and cleaners; 
women mostly work as domestic workers. Those who come 
to work in Bangladesh from India are mostly skilled work¬ 
ers. They work in the garment and other manufacturing 
sectors as well as health and service sectors (Siddiqui 2006). 
There is no authentic data available on Indians working in 
Bangladesh and Bangladeshis working in India. The issue of 


10 https://www.nepal.gov.np/NationalPortal/view-page?id=l 31 . 
n https://boi.gov.in/content/nepalese-passengers. 
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migration between these two countries is highly politicised. 
India does not figure in the remittance inflow data of the 
central bank of Bangladesh (Bangladesh Bank 2017). 

15.3.5 Migration: A Strategy for Climate Change 
Adaptation 

Migration patterns are shaped by interaction between 
demographic, economic, environmental, political, and social 
drivers (Intergovernmental Panel on Climate Change 2014). 
Mere existence of these migration drivers does not ensure 
migration as an outcome, which is determined by intervening 
factors as well as household and personal characteristics 
(Black et al. 2011). Though climatic events and trends are 
likely to influence these patterns (Intergovernmental Panel on 
Climate Change 2014), it is extremely complex to establish a 
causal relationship between environmental change (including 
climatic stressors) and migration. Moreover, various forms of 
human mobility (e.g. displacement, migration, and reloca¬ 
tion) could be observed in the communities alfected by dis¬ 
asters and environmental change. Some case studies 
(Banerjee et al. 2011; Bohra-Mishra and Massey 2011; 
Massey et al. 2007, 2010; Mueller et al. 2014; Shrestha and 
Bhandari 2007; Siddiqui and Billah 2014) specifically focus 
on the relationship between environmental change and 
migration in the HKH region. Migrant and non-migrant 
households of two Chittagong Hill Tracts districts high¬ 
lighted 28 types of environmental and climatic hazards that 
have led some households or their members to migrate. These 
are irregular rainfall, temperature rise, deforestation, river 
erosion, landslide, drought/lowering of water level and flash 
floods. These hazards had profound impact on their ecosys¬ 
tem, resulting in the drying of mountain streams, shortage of 
water for irrigation and drinking, increased sedimentation 
and reduction in Jhum production. Over time many of the 
people left their villages in search of employment; many 
households now have one or more members working in other 
places (Siddiqui and Billah 2014). A case study in the 
Chitwan valley of Nepal reported that local mobility (within 
the Chitwan valley) was more likely to be influenced by 
environmental change rather than long-distance mobility 
(outside the Chitwan valley) (Massey et al. 2010). Another 
case study in the same area by Bohra-Mishra and Massey 
(2011) found a strong and consistent relationship between a 
local move (within Chitwan district) with neighbourhood 
density, increase in time required to collect fodder and fire¬ 
wood, and decline in agricultural productivity. This study 
also reported that environmental deterioration had little 
influence on migration outside Chitwan district (other dis¬ 
tricts in Nepal or overseas). However, an increase in time to 


collect firewood did increase the likelihood of male migration 
to other districts of Nepal or overseas (Bohra-Mishra and 
Massey 2011). A study by Mueller et al. (2014) found that 
heat stress increased long-term migration of men in rural 
Pakistan between 1991 and 2012. This migration was mainly 
driven by negative effects of heat stress on farm and non-farm 
income. A study by Banerjee et al. (2011) in four countries 
(China, India, Nepal, and Pakistan) across the HKH region 
reported that it was more likely that a household member 
would migrate in search of work in rural communities 
affected by rapid onset water hazards (e.g., riverine and flash 
floods) than those affected by slow onset water hazards (i.e., 
drought and water scarcity). A passing reference to the effects 
of environmental stressors on migration could be found in 
some studies (e.g., Ghobadi et al. 2005; Ministry of Agri¬ 
culture and Forests 2013). For example, Ghobadi et al. (2005) 
reported that drought-affected households in Afghanistan are 
more likely to have members migrate for work than those 
households unaffected by drought. A report on migration in 
Bhutan suggested that factors such as predation by wildlife, 
drying up of water sources, outbreak of pests and diseases, 
and other calamities contributed to migration (Ministry of 
Agriculture and Forests 2013). 


15.4 Consequences of Labour Migration 
for Mountain Communities 

In this section, we analyse the ways in which migration 
outcomes have influenced the drivers of migration or inter¬ 
vening obstacles. In other words, we will be exploring how 
migration has acted as a driver of change. Lots of evidence 
on the consequences of labour migration are provided by 
country level studies. Findings from Afghanistan, Bhutan, 
and Nepal could be treated as mountain- or hill- specific 
experience. In the case of other countries, it is a challenge to 
infer HKH specific findings as only certain areas of these 
countries belong to the HKH region. 

15.4.1 Migration Reduces Mountain Poverty 
and Creates New Livelihood 
Opportunities 

The economic consequences of migration vary across 
countries and communities. A majority of the 
migrant-sending households, irrespective of whether they 
have an internal, cross-border, or international migrant 
workers, benefit economically from their investment in 
migration. Migration increases livelihood and employment 
opportunities, and more importantly, their financial income 
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(Government of Nepal 2016; International Organization for 
Migration and Bangladesh Bank 2009; Mahmood 2011; 
Park and Wang 2010; Siddiqui and Mahmood 2015; Sri- 
vastava 2011; Zhao et al. 2012). About 59.1% of rural 
population in Bhutan perceived remittances as the main 
benefit of having some of their household members living 
and working in urban areas (Ministry of Agriculture and 
Forests 2013). Using household panel data from China, Du 
et al. (2005) estimates that a household’s income per capita 
increases by 8.5-13.1% if a member migrates for work, but 
the overall impact on poverty is modest because most poor 
people do not migrate. According to the Myanmar Labour 
Force Survey of 2015, 85.1% of the international migrants 
remit money or goods with the average of USD 6,669 per 
annum. Urban households receive USD 33,330 from each 
international migrant family member. Rural households only 
receive the average of USD 1,661. This creates significant 
income gaps even among international migrants (Ministry of 
Labour, Immigration and Population 2016), let alone the 
income gaps between internal migrant households and 
non-migrant households. Griffith’s (2016) analysis of the 
dataset from the Rural Household Survey found that remit¬ 
tances are not consistently used for improvements in the 
socio-economic conditions—levels of investments in liveli¬ 
hoods are higher among households whose remittance 
income acts as a supplement, whereas remittances-dependent 
households had higher proportion of their remittances spent 
on food, education, and health but less on livelihood and 
savings. A study that compared results from the Nepal 
Living Standards Survey found that one-fifth of poverty 
reduction in Nepal that occurred between 1995 and 2004— 
from 42% below poverty line to 31% in 2003/2004—can be 
attributed to increased levels of work-related migration and 
remittances sent home (Lokshin et al. 2010). The same study 
also found that while the increase in migration abroad was 
the leading cause of this poverty reduction, internal migra¬ 
tion also played an important role (Lokshin et al. 2010). The 
difference between the per capita remittances received by an 
individual in the poorest and richest consumption quintiles 
in Nepal is large (Government of Nepal 2011). In the Gojal 
region of Gilgit-Baltistan, migration contributed to the sec¬ 
toral and spatial livelihood diversification, leading to eco¬ 
nomic upliftment of the people (Benz 2016). Black et al. 
(2006) suggests that migration can increase inequality, 
especially if there are restrictions on who can migrate, and to 
where, as this can lead to ‘capture’ of profitable migration 
routes by wealthier groups, and/or limitation of migration 
benefits for the poor. 

Though remittances are spent on consumption, these may 
also contribute to investment in agriculture or business. 
A number of studies suggest that remittances play a crucial role 
in rural economic development worldwide (Hugo 2002). 
Remittances can provide flows of capital into small farms in the 


peripheral rural areas (Ratha 2003). Furthermore, these 
remittances are more dependable and less volatile than other 
flows from abroad such as direct investment or official devel¬ 
opment projects (Ratha et al. 2011). Siddiqui and Mahmood 
(2015) found that short-term international migrants from 
Bangladesh contributed more to agricultural development than 
internal migrants by using improved seeds, adequate fertilizer, 
regular irrigation and insecticides. One of the Chittagong Hill 
Tracts districts was part of the study. This group also made 
investment in irrigation pump, power tiller, tractor, paddy 
separators and portable rice processing machines. 

Cost has direct impact on the outcome of migration. Those 
who pay high costs are likely to gain less economic benefits. 
As the cost of migration was low in the 1980s and 1990s, 
short-term contract migration produced positive economic 
and social results for the majority of migrant-sending house¬ 
holds. Studies have shown that over the years the cost of 
migration has become exorbitantly high and it is near 
impossible to reap sustainable economic benefit from migra¬ 
tion (Siddiqui 2017). Visa trading in destination countries, the 
existence of tiers of intermediaries in both the countries of 
origin and destination, lack of accountability of recruiting 
agencies, lack of efficient governance system, and lack of 
information on safe migration among potential migrants have 
contributed to the soaring cost of migration. Among migrants 
from the HKH region, Bangladeshi migrants bear the highest 
migration cost. According to a report by the Migrant Forum 
Asia (n.d.), Bangladeshi migrant workers pay USD 2500- 
5000 to go to Gulf countries while their Indian and Nepali 
counterparts pay USD 1000-3000. 

In a study conducted by the Ministry of Agriculture and 
Forests (2013), about 49.2% of rural households in Bhutan 
reported farm labour shortage as a result of out-migration. An 
analysis of the National Labour Force Survey from 2010 to 
2012 reveals a different scenario, suggesting that rural 
employment expanded by 3.6% annually. However, the 
expansion is due to increased employment of people over 
45 years of age; it is also important to note that rural agri¬ 
cultural employment of age group 15-24 declined by 24.7% 
per annum. It is evident that the elderly and women are now 
engaged in agriculture. Given the composition of farm labour, 
they are not able to optimally utilize the resources. This has 
direct impact on agricultural production and poses a risk to the 
national goal of food security and food self-sufficiency. 
However, these studies on labour shortage make an assump¬ 
tion that factors such as age structure, culture, labour market, 
and social norms remain constant. In the context of Bangla¬ 
desh, international migration did result in labour shortage in 
some of the high migration areas, particularly during sowing 
and harvesting seasons. Interestingly it did not affect the 
agricultural production because internal migrants from other 
regions filled the labour shortage. In reality, then, benefits of 
international migration got distributed among the internal 
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migrants in the form employment opportunities (Siddiqui and 
Mahmood 2015). 

In recent times, improved access to technology has sig¬ 
nificantly shaped migration outcomes. Siddiqui and Mah¬ 
mood (2015) found that in Bangladesh, 98% of migrant 
households own at least one mobile phone. In the past 
migrants had little control over the remittances they sent, as it 
was difficult for them to communicate with the recipients on a 
regular basis. Once the family members received the remit¬ 
tances, they could get away with not using the money 
according to the migrant’s wishes. Now that migrants own 
mobile phones, they can monitor how the remittance they send 
is being used on a day-to-day basis. One-fourth of the migrants 
interviewed in the study by Siddiqui and Mahmood (2015) 
reported they directly oversee the investment of remittance. 
For instance, they proactively shape decisions related to the 
purchase of land and agricultural equipment, the number of 
day labourers to be employed, and the type of seeds to be 
bought. 

Migrant workers also bring back knowledge and skills 
from destination to origin communities. There is a lack of 
literature on social remittances and the contribution of 
returnees in the HKH region. For the international labour 
migrants, return is an integral part of their migration cycle. 
However only a small number of migrants plan their post 
return activities in advance (Wickramasekara 2011). A study 
on the contribution of returnees found that a large number of 
returnee migrants want to re-migrate as they feel that upon 
return they no longer have the contact with networks that 
would help them to establish a business or find jobs (Sid¬ 
diqui and Abrar 2002). More recent studies, however, have 
found that many of the returnees have contributed in 
developing enterprises in rural areas (Siddiqui 2017). 

15.4.2 Increased School Enrolment, Better 
Outcomes for Children 

Ratha et al. (2011) highlighted that international migration 
contributes to the formation of human capital. Various 
studies showed that a disproportionately higher portion of 
remittances from international migration is spent on educa¬ 
tion and health than on everyday consumption (Adams and 
Page 2005; Adams et al. 2008; Nagarajan 2009; Ratha et al. 
2011). Evidence from Nepal and Pakistan suggest that 
short-term international migration is associated with 
increased school enrolment (Bhadra 2007; Mansuri 2006). In 
China, some studies have examined the impact of parental 
migration on the development outcomes of children. For 
example, from a comprehensive dataset covering 141,000 
children in ten provinces (from 27 surveys conducted 


between 2009 and 2013), Zhou et al. (2015) analysed nine 
indicators of health, nutrition, and education. They found 
that for all nine indicators, children left behind by their 
migrant parents with a caregiver (typically paternal grand¬ 
parents—in their home communities) performed as well as 
or better than children living with both parents in their home 
communities. Similar studies are hardly available for most 
parts of the HKH region. Migration of a family member 
provides income to the elderly but also creates a vacuum for 
care (Hoang 2011). Age selective nature of migration means 
that elderly and children would be left behind and this may 
increase the workload. Evidence on these issues in the HKH 
region is sparse. 

15.4.3 Left Behind or Left in Charge 

Consequences of migration also depend on personal and 
household characteristics such as age, ethnicity, marital 
status, religion, sex, and wealth. Siddiqui and Abrar (2003) 
found that whether remittance will be used as current income 
or a portion of it will be invested in enterprises for further 
income generation depends on household members’ age. 
Families with male members in the age group 25 to 45 years 
invested in different business enterprises, whereas most 
families with female members who had to be married-off 
spent more on dowry. Families who only had elderly 
members did not invest in business enterprises. Along with 
day-to-day consumption they invested a portion of the 
remittances in buying land. Siddiqui and Mahmood (2015) 
reported that male migrants invested more in agricultural 
development compared to female migrants. High-income 
households have more choices with respect to migration 
destination. Those who migrate to developed western 
countries belong to the richest economic quartile or to the 
highly skilled category. A majority of those who migrate to 
the Gulf region, other Arab countries and Southeast Asia to 
do unskilled work are not from high or middle-income 
households but they are mostly from households just above 
the poverty level. Poorer people are likely to opt for 
rural-to-rural and rural-to-urban, seasonal and temporary 
internal migration with lower salaries and wages and thus 
low remittances. 

Beyond economic returns, recent studies also indicate that 
migration has yielded significant social benefits. For exam¬ 
ple, in the case of Nepalese Dalits, urban migration has not 
only provided them social, economic and educational 
opportunities, but also the possibility of escaping traditional 
caste-based discrimination (Pariyar and Lovett 2016). Sid¬ 
diqui (2001) showed that majority of divorced and separated 
women became both economically and socially empowered 
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through migration. Some found new partners and some 
others came out of abusive marriage. On the other hand, 
some of the stable marriages broke down because in the 
absence of their wives, migrants enter into new relationships. 
Similarly religious background also influences migration 
outcome. In Bangladesh, compared to the dominant religious 
group, minority communities have less access to interna¬ 
tional short-term contract migration (Siddiqui and Abrar 
2003). 

15.4.4 Diaspora 

The general understanding is that migrants often contribute 
to the welfare of their communities of origin. The Afghan 
diaspora in the Netherlands helped in designing education 
curricula, translation of text books and training and skill 
development of manpower in Afghanistan (United Nations 
University 2017). The Nepal Institute of Development 
Studies and the World Bank (2009) survey reveals that 
collective remittances from both the Nepali diaspora and 
short-term migrants have contributed to the establishment of 
public libraries, trade schools, health posts in schools, water 
supply in remote areas, tower clocks in village centres, and 
computers in schools in Nepal. Migrants from India and 
Bangladesh have established orphanages and faith-based 
schools, mostly in their own villages (Siddiqui 2004; 
Singhvi 2001). 

15.4.5 Disaster Preparedness Is Not a Top 
Priority 

Recent studies that explore the role of migration in the 
context of vulnerability to environmental change in the HKH 
region of China (Banerjee et al. 2018; Yahui and Banerjee 
2017), India (Banerjee et al. 2017), Nepal (Chapagain and 
Gentle 2015; Jaquet et al. 2016), and Pakistan (Gioli et al. 
2014) suggest that households receiving remittances priori¬ 
tise immediate consumption and economic needs initially, 
and then health and education. Remittances are used to 
respond to extreme events, providing finance for relief and 
reconstruction in the face of extreme events (e.g., earth¬ 
quakes, floods). For example, remittances to Nepal increased 
in the aftermath of the 2015 earthquake, growing by 27.6% 
within three months from April to June 2015 compared to 
the same period the year before (The World Bank 2016c). 
Remittances are used to procure food and other basic needs 
during or in the aftermath of a disaster and rebuild liveli¬ 
hoods and lost assets (Banerjee et al. 2011; Suleri and 
Savage 2006). An increase in remittances in the aftermath of 


an extreme event is often temporary. In Nepal, inflow of 
remittances had slowed down, registering a single digit 
growth by January 2016. In three months from February to 
April 2016, remittances had contracted by 5.3% (in USD 
terms) compared to the same period of the previous year 
(The World Bank 2016c). 

The extent to which remittances would have a positive or 
negative role in remittance-recipient households and origin 
communities is context specific (Barnett and Webber 2009; 
De Haas 2012). Banerjee et al. (2018) found that 
remittance-recipient households in Baoshan County, Yunnan 
province, China have less adaptive capacity in response to 
drought than non-recipient households. The authors also 
reported that the adaptive capacity of those households who 
had received remittances over longer periods were found to 
have improved, and their exposure to such events was also 
lower (Banerjee et al. 2018). A case study in Assam state of 
India found that the duration for which remittances are 
received by a household has significant and positive asso¬ 
ciation with the structural changes made in the house to 
address flood impacts (Banerjee et al. 2017). Chapagain and 
Gentle (2015) reported that remittances had been used by 
families in landslide prone communities in Jumla and 
Syangja districts of Nepal to buy land or house in a safe area, 
which permitted these families to leave environmentally 
fragile area and even find off-farm opportunities. Investment 
in climate change adaptation measures at the household level 
is often not made until later. Based on a study in three 
districts of Bangladesh, Siddiqui et al. (2018) found that a 
higher percentage of migrant households perceived that their 
economic status had improved over the preceding five years 
in comparison to non-migrant households. This along with 
other findings, led the researchers to conclude that those 
households that incorporate migration of a member with 
other in-situ practices adapt better to climate change stresses. 

Out-migration has non-economic consequences in origin 
communities located in environmentally fragile areas. 
A study in Kaski district of western Nepal found that 
migration from uphill to downhill communities had resulted 
in land abandonment and an increase in forest cover in the 
upper part of the Harpan watershed (Jaquet et al. 2016). 
However, this process had also increased pressure on the 
land and exposure to flooding in the lower part of this 
watershed (Jaquet et al. 2016). There has been little research 
on migration, environment and climate change in mountain 
regions of Asia from gender perspective. Based on a study in 
West Karakoram region of Pakistan, Gioli et al. (2014) 
reports that there was an increase in female school enroll¬ 
ment due to remittances. However, male out-migration did 
not result in significant long-term changes in the 
intra-household and community-level decision-making 



534 


T. Siddiqui et al. 


power of women; women were not entitled to manage a 
household’s economic assets (including remittances), and 
male out-migration limited the mobility of women 
left-behind. 

15.4.6 New Types of Politics 

Migration has contributed to increased political demands, 
including voting rights for migrants from the HKH coun¬ 
tries. Since 2008 Bhutan has permitted its overseas citizens 
to vote and Afghanistan has allowed it since 2004 (The 
Record Nepal 2017). Changes in electoral laws had been 
approved by the Government of India that will permit 
Non-Resident Indians to cast their vote in state assembly and 
national parliamentary elections from overseas (The Indian 
Express 2017). The Election Commission of India had 
launched a web portal to register Non-Resident Indians, who 
would be able to cast their votes in their registered con¬ 
stituencies through a proxy. 12 However, the inter-state 
migrants in India would still have to visit their registered 
constituencies to cast their vote (Bhatnagar 2017). At a 
public hearing, the National Election Commission of Ban¬ 
gladesh stated that it would explore a mechanism for 
allowing absentee voting for those citizens who are residing 
outside the country for work during the elections (The Daily 
Observer 2017). The Government of Nepal was ordered by 
the Supreme Court to draft a law that enables Nepali 
migrants abroad to vote (The Kathmandu Post 2018). 

On important national matters, the diaspora sometimes 
plays an important role in their countries of destination. The 
Singhvi report (2001) highlights the role of Non-Resident 
Indians in the aftermath of Pokhran nuclear tests and during 
the Kargil conflict. This high-profile government report 
acknowledged that the Indian diaspora extended a valuable 
service to the Indian government by explaining its position 
to the policy makers as well as the public of their countries 
of destination, particularly in the United States of America. 

In some HKH countries, irregular cross-border movement 
of people has become a major source of political tension. 
Migration between India and Bangladesh is a good example. 
Different actors operating at federal and state levels in India 
have securitized migration from Bangladesh to India by 
portraying migrants as a ‘threat to national security’, ‘infil¬ 
trators from the east’, ‘terrorists’, ‘weapon traffickers’, ‘de¬ 
mographic invaders’, and ‘criminals’. This securitization and 
criminalization have resulted in border fencing and push 
back of less skilled Bangladeshi men and women (Siddiqui 
2006). 


1 2 http ://eci. nic. in/Overseas V oters/home. html . 


15.5 The Governance of Labour Migration 
in the HKH Region 

15.5.1 National Policies, Laws and Acts 

In order to govern international labour migration, most of the 
HKH countries have framed different policies, enacted laws 
and established institutions. However, except China and to 
some extent India, none of these countries have such 
instruments or policies concerning internal migration. 

In 2006 Bangladesh framed its first national policy on 
overseas employment. A major objective of these policies is 
to expand short-term contract labour migration (Wickra- 
masekara 2011). The title of Pakistan’s migration policy 
explains this point adequately— “National Emigration Pol¬ 
icy: Promoting Regular Emigration and Protecting Emi¬ 
grants, .” Nepal had enacted the Foreign Employment Act 
2007 with the same objective. Along with promotion of 
labour migration, protection of the workers is also an 
important part of these policies. Under the Decent Work 
project of International Labour Organization, in 2016 the 
second overseas employment policy of Bangladesh had been 
drafted. 

Afghanistan, Bangladesh, India and Nepal also have 
specific policies on female migration. Most of these coun¬ 
tries initially either imposed a restriction or ban on migration 
of low skilled women. Over the years, due to demand in 
certain sectors of the labour market, which requires partici¬ 
pation of women, most of these countries withdrew the bans 
or loosened the restrictions on female migration. For 
example, in 1997, Bangladesh placed a complete ban on all 
female migration for work. That same year it withdrew the 
ban on professionals but imposed restrictions on migration 
of unskilled female workers. But by 2003 it more or less 
withdrew the restrictions on female migration (Siddiqui 
2008). Starting in 1985, the Government of Nepal has 
introduced various types of bans and restrictions on 
women’s migration, the latest being in August 2012 when a 
ban was placed on migration of women under 30 years to be 
employed in domestic work (Sijapati et al. 2015). 

Since 2000, some HKH countries have established new 
ministries or line agencies to govern international labour 
migration (Wicramasekera 2011). Afghanistan governs 
international migration through the Ministry of Labour, 
Social Affairs, Martyrs and Disabled (MoLSAMD). In India, 
emigration for overseas employment is regulated by the 
Protectorate of Emigrants (POE) as per the provisions of 
Emigration Act 1983. The Ministry of External Affairs has 
been the nodal agency supervising and controlling the emi¬ 
gration regulation and governance. However, in 2004, a new 
Ministry of Overseas Indian Affairs was created to look after 
the problems of emigrants and diaspora. It was merged with 
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Ministry of External Affairs in 2016. The office of the POE, 
however, continues to function as before. The Department of 
Foreign Employment (DoFE) of Nepal and the Bureau of 
Emigration and Overseas Employment (BEOE) in Pakistan 
regulate labour movements from respective countries. In 
Bangladesh, the Ministry of Labour (MoL) oversees inter¬ 
national labour migration. In 2001, the Ministry of Expa¬ 
triates’ Welfare and Overseas Employment (MoEWOE) was 
created by the Bangladesh government. 

Until the early 1980s emigration from HKH countries that 
were part of the British Empire was governed by the 1922 
Emigration Act of British India. After the oil price hike in 
the Middle East, when the number of migrants grew dra¬ 
matically, governments of many countries in the HKH 
region enacted new laws. The main objectives of these laws 
were to facilitate the outflow of workers through regulation 
of recruitment agencies and protection of unskilled workers 
(Abrar 2005). Since 2000 a new set of laws emerged. For 
example, Nepal framed the Foreign Employment Act, 2007 
replacing the Foreign Employment Act of 1985. The Emi¬ 
gration Ordinance (1979) and the Emigration Rules (1979) 
constitute the legal framework to safeguard the rights of 
Pakistani Migrant workers and regulate the activities of 
overseas employment promoters and recruiting agencies 
(Pakistan Institute of Legislative Development And Trans¬ 
parency 2008). Afghanistan framed the Labour Code of 
Afghanistan: Regulation for Sending Afghan Workers 
Abroad by Directorate of Rights and Labour Law, 2005 
(Government of Afghanistan 2005). India framed a new law 
titled the Emigration Act 1983, replacing the Act of 1922. 13 
In 2013, Bangladesh replaced its Emigration Ordinance 
1982 (Number 29 of 1982) with the Migration and Overseas 
Employment Act 2013. The influence of the 1990 UN 
Convention is visible in the newly framed documents. 
Rights and welfare of migrants are more pronounced. 
Moreover, offences are also redefined and new types of 
crimes and fraudulences have been included. Punishments 
for committing those crimes have also been increased. The 
preamble to the 2013 Migration and Overseas Employment 
Act of Bangladesh clearly states that the new law is framed 
to make national law consistent with the 1990 Convention 
and other International Labour Organization Conventions. 

The origin countries of the HKH region acknowledge the 
contribution of the diaspora in home country development. 
For example, India has undertaken a comprehensive policy 
to engage the diaspora in its development process. Some of 
these include: establishment of the then Ministry of Overseas 
Indian Affairs in 2004 to coordinate activities aimed at 


13 https://indiankanoon.org/doc/99408546/. 


reaching out to the Indian diaspora and to build and foster 
networks with overseas Indians. Establishment of the 
Overseas Indian Facilitation Centre (OIFC), a not-for-profit 
public-private initiative of the Ministry of Overseas Indian 
Affairs, and the Confederation of Indian Industry (CII), is 
important in this respect. Currently, Overseas Indian Facil¬ 
itation Centre’s activities include responding to queries on 
various issues raised by the Indian diaspora, management of 
online business networking portal, and market forums in 
India and overseas. 14 Since 2003, the Government of India 
has been hosting an annual diaspora conference, the Pravasi 
Bharatiya Divas. The event is designed to serve as a platform 
for interaction between overseas Indians, the Indian gov¬ 
ernment, and interested segments of the Indian society, such 
as businesspersons and cultural and charity organizations. 15 

Policy provisions vary significantly in the Hindu Kush 
region with regard to internal migration. For instance, the 
Constitution of India provides for “freedom of movement” 
as well as “freedom of employment” anywhere in India 
(Government of India 1950). Additionally, there is also a 
specific law, the Inter State Migrant Workmen (Regulation 
of Employment and Conditions of Service) Act of 1979 
(Government of India 1979) and Central Rules of 1980 
(Government of India 1980) that is meant to guide internal 
labour migrants. The Inter-state Migrant Workmen Regula¬ 
tion Act 1979, deals with contractor-led movements of 
inter-state migrant labour. This law provides protection to 
internal migrants. But many workers do not move with 
contractors. They find work independently through the net¬ 
work of family, friends and kin and so do not fall under the 
purview of the Inter-state Migrant Workmen Regulation Act. 
Further, many schemes and programmes for workers in the 
informal sector are also applicable to migrant workers. But 
most of the time internal migrants cannot avail of those as 
they require registration and in some cases, identity cards 
which they often do not possess. 

The right to work is a fundamental civil right in China. 
There are a number of laws and regulations applicable to the 
migrant workforce, such as the Labour Law of the People’s 
Republic of China, which became effective in 1995, Law of 
the People’s Republic of China on Employment Contracts, 
which became effective in 2008 (Standing Committee of the 
National People’s Congress 1994, 2007) and Regulations on 
Work-Related Injury Insurances, which became effective in 
2011 (State Council 2010). Moreover, the Interim Regula¬ 
tions on Residence Permits adopted by the State Council in 
2015 contain a set of specific regulations that provide 


14 ‘Overseas Indian Facilitation Centre (OIFC)’, http://moia.gov.in/ 
services.aspx?IDl=205&id=m2&idp=205&mainid=196 (accessed 3 
August 2014). 

15 ‘Pravasi Bharatiya Divas’, http://www.pbd-india.com/about.html (ac¬ 
cessed 6 August 2014). 
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migrant workers access to basic public services and facilities 
in the destination city. Due to the household registration 
(hukou) system, however, citizens’ freedom of movement 
within China is somewhat restricted. For example, migrants 
and their families have limited access to urban public ser¬ 
vices (e.g. healthcare, social security and education) if they 
do not have an urban hukou (Lai et al. 2014). 

There is no policy on internal migration in Bangladesh. 
Although there is no restriction on any type of internal 
migration, urban development strategies, environmental 
policies such as the National Adaptation Programme of 
Action 2006 (NAPA), initial drafts of Bangladesh Climate 
Change Strategy and Action Plan 2009 (BCCSAP) or 
Disaster Risk Reduction Strategy perceive rural to urban 
migration as a problem of urbanization. Accordingly, most 
of these plans aim to reduce rural to urban migration through 
local level adaptation to climate change. While there are no 
explicit policies regulating internal migration in Pakistan, 
Gazdar (2003) makes an interesting case connecting urban 
planning and regulation with internal migration. Gazdar 
(2003) shows that the city managers follow ‘settle first, 
regularize later’ policy in Pakistan. When workers migrate to 
urban centres, they require access to housing and public 
goods, the provisioning of which is the hallmark of good 
urban planning. 

15.5.2 International Instruments 

With respect to international migration there are quite a few 
multilateral as well as bilateral instruments through which 
migration is governed. Most important of International 
Labour Organization instruments relating to migrant workers 
are the Migration of Employment Convention (Revised) 
1949 (No: 97); the Migrant Workers’ (Supplementary Pro¬ 
visions) Convention, 1975 (No. 143); and the Migrant 
Workers’ Recommendation (No 151). The 1990 UN Inter¬ 
national Convention on the Protection of the Rights of all 
Migrant Workers and the Members of their Families 
(ICRMW) is the most comprehensive instrument relating to 
migrant workers. Multilateralism is important for protection 
of the rights of the migrant workers; unfortunately none of 
the countries of origin of the HKH region, except Bangla¬ 
desh, have ratified the 1990 Convention, and nor has any 
destination country. Therefore, due to lack of ratification the 
rights assigned under the international instrument cannot be 
exercised. 

Of late, major origin countries of the region such as 
Afghanistan, Bangladesh, China, India, Nepal, and Pakistan 
have joined regional consultative forums such as the 
Colombo Process and Abu Dhabi Dialogue. Further, most 
countries in the region have ratified the Convention on All 
Forms of Discrimination on Women (CEDAW), which 


includes specific provisions on women migrant workers, 
especially as part of General Recommendation No. 26. 16 All 
the HKH countries espoused Sustainable Development 
Goals (SDGs) in pursuing their development agenda. It has 
major ramifications for both internal and international 
migrants of these countries. Target 8.8 of Goal 8 specifically 
mentions the migrants when it says, “Protect labour rights 
and promote safe and secure working environments for all 
workers, including migrant workers, in particular women 
migrants, and those in precarious employment.” 

In the absence of enforcement of multilateral instruments, 
bilateral agreement or memorandum of understanding are 
the only avenues under which labour migration is facilitated. 
Bilateral instruments focus on mutual intent to enhance 
employment opportunities in the destination countries; 
measures that destination countries will take for the protec¬ 
tion and welfare of workers in the organized sector; regu¬ 
lation of the recruitment process in both countries; and 
establishment of a joint working group to ensure the 
implementation of the memorandum of understanding and 
bilaterally resolve any labour concerns. Barring a few, most 
of these bilateral instruments again focus on managing the 
recruitment and employment processes, with few, if any, 
provisions for protecting the workers or ensuring decent 
work for the migrants during their sojourn abroad (Siddiqui 
2006; Wicramasekera 2015). Unfortunately destination 
countries are not keen on even signing bilateral agreements 
with such minimum rights. That is why the number of 
bilateral agreements is also low. 

Labour migration in the region is characterized not only 
by short-term contract international migration but also by 
cross-border migration. For historical reasons, cross-border 
migration remains a sensitive issue. The Nepal-India Peace 
and Friendship Treaty 1950 and the open border between 
Nepal and India are perhaps exceptions. There are some 
regulations on cross-border movements. They mostly focus 
on regulating irregular movements, including cross-border 
trafficking. The Bangladesh-India Agreement for Mutual 
Legal Assistance on Criminal Issues and Transfer of Sen¬ 
tenced Persons of 2010 and the Bangladesh-India Agree¬ 
ment for Combating Terrorism, Transnational Organized 
Crimes, and Illegal Drug Trafficking of 2010 are examples 
of this regulation. 

15.5.3 Innovation in Governance and Migration 

Countries of the HKH region have innovated new methods 
in providing services to the migrants. Generating funds 


16 CEDAW (2009), /C/2009/WP.1/R General Recommendation no. 
26 on Women Migrant Workers. 
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outside government revenue and development budgets is one 
of them. As early as 1990, Bangladesh had innovated a 
method of generating fund to support migrant workers: 
Wage Earners’ Welfare Fund. This fund is generated 
through subscription by migrant workers, consular fee 
charged in the embassies and interests charged from the 
bond money kept from the recruiting agency as license fee. 
The government has created a huge fund through this ini¬ 
tiative. The line ministry uses this fund in providing welfare 
services to the migrants. The services include pre-departure 
training and briefing, 21-day training of female migrants, 
repatriation of deceased bodies, compensation to the injured 
and families of deceased, and managing shelter homes in 
destination (RMMRU 2016). Different countries are now 
replicating this model. Under the Foreign Employment Act 
of 2007, Nepal established the Foreign Employment Welfare 
Fund, which is a public fund managed by the Foreign 
Employment Promotion Board, in 2008 (Article 32 and 
Article 33, FEA 2007). 17 Each out-bound worker pays a fee 
of NPR 1000 (approximately USD 9.6) to the welfare fund. 
This welfare fund also receives license fees from recruitment 
agencies and other institutions associated with foreign 
employment and grants provided by local or foreign insti¬ 
tutions. To date, the welfare fund has primarily been used for 
repatriating seriously injured workers, repatriating mortal 
remains of deceased workers, providing compensation to the 
injured workers or families of deceased workers (Paoletti 
et al. 2014). However, despite the provisions in the law, 
initiatives from the Foreign Employment Promotion Board 
to provide skill-oriented training to migrant workers, rein¬ 
tegration programmes for returnees are limited alongside the 
low awareness about the welfare fund among migrant 
workers (Office of the United Nations High Commissioner 
for Human Rights 2018; Paoletti et al. 2014). 

India has also established a fund to support the migrants. 
However, it does not charge the workers, rather it takes a 
security deposit of USD 2500 per worker from the foreign 
employer who hires an Indian worker. 18 India also has an 
insurance scheme titled, the Pravasi Bharatiya Bima Yojana, 
which was launched in 2003 and amended in 2006, 2008 and 
2017 (Government of India 2006). It is compulsory for all 
migrant workers who have obtained a clearance from the 
POE. Under this scheme, the migrant workers are insured for 
a minimum coverage of INR 0.3 million for the entire period 
of the employment contract. Some of the salient features of 
the scheme include: (i) cost of transporting the dead body, in 


17 Govemment of Nepal. ‘Foreign Employment Act, 2007’ Available at 
http://dofe.gov.np/new/uploads/article/foreign-employment-act_ 

20120420110111 .pdf. 

18 http://mea.gov.in/rajya-sabha.htm?dtl/27853/QUESTION+N03226 

+INDIAN+MIGRANT+DOMESTIC+WORKERS+IN+GULF 

+COUNTRIES. 


case of any such eventuality; (ii) transportation costs for 
workers who are stranded or experience substantive changes 
in the employment contract; (iii) travel support to migrant 
workers who fall sick or are declared medically unfit to 
work; and (iv) medical coverage of a minimum of INR 
50,000. India has also innovated a method of generating 
welfare fund for internal migrants who work in the con¬ 
struction sector. Under the Building and Other Construction 
Workers Act, 1996 it has created a provision for levying a 
tax for construction. Substantial funds have been collected 
by the Construction Welfare Boards in many states, but 
implementation of the programme is poor due to the lack of 
registration of workers (Bhagat 2014). 

The Nepal government has undertaken a policy not to 
allow a worker to migrate through purchase of a work visa. 
The government is trying to set a basic condition for a job 
contract whereby the employer is responsible for bearing the 
cost of the visa, ticket, and all other related expenses of the 
worker. The recruitment agencies (hereafter RAs) are per¬ 
mitted to charge a maximum of NPR 10,000 (approximately 
USD 96) as a service and promotional fee only when the 
employing company overseas provides in writing that they 
will not bear the travel and recruitment costs of the concerned 
worker(s). Accordingly, the Tree-visa, free-ticket’ or the 
‘zero-cost migration’, as the scheme has come to be known, 
requires the prospective migrant to pay only for services such 
as pre-departure orientation training, medical check-ups, the 
government-mandated workers’ welfare fund, and insurance. 
The policy is applicable to seven countries, namely Bahrain, 
Kuwait, Oman, Qatar, Saudi Arabia, the United Arab Emi¬ 
rates, and Malaysia. So far there are indications that while the 
policy measure is significant in principle, implementation has 
been weak, leading, in some instances, to more abuse of the 
workers (Amnesty International 2017; Sijapati et al. 2017). 
However, if Nepal does succeed, it will be a great innovation 
in workers’ recruitment. 

15.5.4 Challenges of Migration Governance 

HKH countries face some major challenges in governing both 
internal and international migration. In the case of interna¬ 
tional migration, some common challenges that these coun¬ 
tries face include high cost of migration, informality of the 
recruitment process, visa trading and lack of protection from 
abusive labour conditions. Some of the challenges are specific 
to women migrants, particularly for those who go abroad as 
domestic workers. Over the last ten years the governments of 
this region have been trying to reduce the cost of migration 
through bilateral agreements. In recent years, the origin 
country governments have placed the issue of cost of migra¬ 
tion in multilateral fora such as Colombo Process, Abu Dhabi 
Dialogue and annual meetings of the UN Global Forum on 
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Migration and Development. Some of these governments 
have tried to reduce the cost of migration by fixing the upper 
limit. However, none of these measures have produced their 
desired results yet. Although the governments have framed 
formal laws and created institutions to regulate short-term 
contract international migration most of the tasks of recruit¬ 
ment are done informally by the sub-agents. Most govern¬ 
ments have attempted to abolish the system of sub-agents, but 
little headway has been made in this regard. Visa trading is 
another challenge. In some labour receiving countries, work 
visas change hands at least two to three times before they are 
made available to the recruiting agencies of origin countries 
through bidding. This issue is also being discussed in various 
fora. Governments of some destination countries have begun 
taking punitive measures against visa traders. Still the practice 
is pervasive. Restriction over movement, long working hours 
and in some cases physical and sexual abuse are some of the 
major challenges to overcome for the governments of origin 
and destination countries. 

The lack of policy on internal migration in most HKH 
countries keep internal migrants outside the purview of 
government programmes and entitlements. In countries such 
as India, which has taken some policy measures to protect 
internal migrants, a negative attitude and hostility towards 
internal migrants persists, sustained by the 4 sons of the soiV 
ideology despite the fact that the Indian Constitution guar¬ 
antees the right to move as a fundamental principle under 
Article 19 (Weiner 1978). A group of internal migrants who 
are illiterate, low skilled, temporary and seasonal migrants 
are more vulnerable to various kinds of exclusion and denial 
of their rights in urban areas. These categories of migrants 
are excluded from social security programmes such as public 
distribution of food, access to education and healthcare and, 
most importantly, entitlement to housing at the destination 
because they lack proof of identity and residency. Social 
security programmes are place-bound and the implementa¬ 
tion of such programmes fall under the purview of the state 
governments. Inter-state migrants face more hardships as 
social security programmes are not portable (Bhagat 2012). 
A major challenge for Afghanistan is to resettle the returnee 
refugees as well as the internally displaced persons ensuring 
their work opportunities and social protection. 


15.6 Conclusion 

This chapter has provided an outline of the patterns and 
trends of labour migration from the HKH region. It shows 
that migration trends are diverse. Internal migration is a 
feature across the region and the flow is towards major urban 
centres, as well as to areas of commercial agriculture. Some 
countries have a longer history of short-term international 
labour migration to the Gulf and other Southeast Asian 


countries and some others are recent joiners. There have 
been significant experiences of cross-border movements for 
work between India and Nepal, and India and Bangladesh, 
and from India to Bhutan. 

Much migration in the region is gender specific. In the 
case of Afghanistan it is difficult to disentangle labour 
migration from refugee flows. Two-thirds of rural families of 
Bhutan have a member in an urban centre. Labour migration 
has grown mainly since the early 1990s in China and most 
migration here is intra-provincial. Long distance internal 
migration is an important characteristic of labour migration 
in India. International migration is almost non-existent from 
HKH region of Bangladesh. Myanmar has both internal and 
international migration and more than half the internal 
migrants are women. 

The main driver of labour migration in the HKH region is 
‘search for a better life’. Limited opportunities in mountains 
reflect high dependence on agriculture, lack of market access 
and limited livelihood security. Economic growth of urban 
centres within and beyond the HKH region exerts a strong 
influence on migration. There is a strong demand for male 
workers from the mountain but also a growing demand for 
female workers in the domestic care and hospitality indus¬ 
tries. Access to education and social networks are strong 
drivers of migration. Migration is highly age selective. 
Environmental degradation and climate stressors can weaken 
agricultural productivity or heighten risks contributing to 
labour migration, especially over shorter distance. 

Country evidence shows that migration reduces mountain 
poverty. A significant portion of rural households benefit 
from migrant remittances. Remittances are spent on con¬ 
sumption, but may also contribute to investment in agri¬ 
culture and other businesses. Despite fears of negative 
impacts on left behind children, migration helped increase 
school enrollment. Migration has contributed to increased 
political demands including voting rights. 

An assessment of governance of labour migration in the 
HKH region shows that countries with significant interna¬ 
tional labour migration have developed comprehensive 
policies and regulations to govern international migration, 
often with dedicated ministries. However, policies on internal 
migration are yet to be framed except for a few countries. 
None of these countries, barring Bangladesh, have ratified the 
1990 United Nations Convention on the Protection of the 
Rights of All Migrant Workers and the Members of their 
Families. Therefore, labour migration mostly takes place 
through bilateral agreements or memorandums of under¬ 
standing. The SDGs specifically endorse policies to reduce 
the cost of migrant remittances and some HKH governments 
are actively pursuing these although there are many obsta¬ 
cles. Several countries in the region have specific institutions 
for the diaspora including overseas offices, welfare funds and 
diaspora focused financial instruments. 
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HKH countries face many challenges in governing labour 
migration. Absence of a comprehensive policy on internal 
migration in some of the HKH countries keeps the internal 
migrants outside the purview of government programmes 
and entitlements. In some areas, polices are restrictive. 
Countries which have polices on internal migration do not 
always honour portability of rights. Whether countries have 
a regulated (India, China) or unregulated (Pakistan) 
approach to internal migration, there is a strong sedentary 
bias in policies that affect internal migrants, in contrast to 
international migration. In the case of international labour 
migration some common challenges that HKH countries face 
include high cost of migration, informality of the recruitment 
process, visa trading and lack of protection from abusive and 
forced labour conditions. Women who migrate as domestic 
workers face strict restrictions on movement, long working 
hours, and in some cases, physical and sexual abuse. 

15.7 Policy Recommendations and Way 
Forward 

On basis of the conclusions above, this section attempts to 
provide some recommendations. As all HKH countries have 
now reshaped their development goals in line with SDGs, 
the recommendations have been devised to correlate with 
relevant SDGs as well. Two SDGs apply directly to migra¬ 
tion: Decent Work and Economic Growth (Goal: 8) and 
Reduce Inequality (Goal: 10). Several other SDGs have 
relevance for migration in terms of policy development. 

15.7.1 Regular, Safe and Orderly Migration 

SDG 8 talks about promoting inclusive and sustainable 
economic growth. Target 8.8 specifically underscores the 
need to protect the rights and promote safe working envi¬ 
ronments for migrant workers, including women migrants. 
Targets 8.5 (< achieve full and productive employment and 
decent work) and 8.10 (access to banking, insurance and 
financial services for all ) also have implications for 
migrants. 

Target 10.7 specifically calls for facilitating orderly, safe, 
regular and responsible migration. We have attempted to 
demonstrate in this chapter that internal and international 
migrants are quite different and require dilferent forms of 
support and interventions to ensure safety and stability. In 
respect to internal migrants, policies regarding urban plan¬ 
ning, growth sector development, and climate change 
adaptation operational in rural and urban areas have to be 
targeted. Some of these countries impose barrier on internal, 
rural to urban migration. Relevant policies need to be 
reshaped on the basis of the demand of labour market. 


Restrictive policies in destination countries remains the 
main hurdle for regular, safe and orderly migration. Desti¬ 
nation countries need to frame more pragmatic policies that 
take into consideration the demand for different types of 
skills and services. We have argued that, along with bilateral 
negotiation, countries should encourage multilateralism to set 
common minimum standards for the migrant workers. 
The UN convention on Protection of Rights of All Migrant 
Workers and their Family Members (1990) and International 
Labour Organization instruments should be honoured in both 
origin and destination countries. The Kafala system in the 
Middle Eastern countries and the outsourcing system in some 
of the Southeast Asian countries need substantial reform. 
Origin countries also bear responsibility for insuring safe and 
orderly migration for their citizens. HKH countries are cur¬ 
rently experimenting with different governance models in this 
regard and they can learn much from cross-country exchange 
among HKH neighbours and beyond. 

15.7.2 Protection of Migrants 9 Right and Social 
Security 

Target 8.8 of the SDGs highlights protecting labour rights 
and promoting a safe and secure working environment. The 
1990 UN International Convention on the Protection of the 
Rights of All Migrant Workers and the Members of their 
Families (ICMW) is the most comprehensive instrument of 
its kind, and has only been ratified by one HKH country: 
Bangladesh. 

This important agreement needs to be ratified by all HKH 
countries without any further delay. The UN needs to launch 
a global campaign to encourage ratification of the conven¬ 
tion by the destination countries. The UN also needs to 
ensure that none of the rights of the migrants is compro¬ 
mised in the global compact for migration. HKH countries 
should advocate for more rigorous protection needs in the 
consultative forums of Colombo Process, Abu Dhabi Dia¬ 
logue, and Bali Process. Most countries in the region have 
ratified the Convention on All Forms of Discrimination 
Against Women (CEDAW), which includes specific provi¬ 
sions for women migrant workers. During bilateral agree¬ 
ments, HKH countries can pursue protection of women 
migrants under the auspices of CEDAW. 

The Rights of Internal Migrants are protected by the 
national laws of HKH countries. Decent work conditions 
entail the right to work, rights at work, social protections, 
and social dialogue. HKH countries need to provide pro¬ 
tection from vulnerabilities and contingencies that take 
individuals out of work at old age, at times of sudden loss of 
livelihood, sickness, accident or death. In the case of infor¬ 
mal work, these protections are almost non-existent. 
Attaining the SDG 8 would require establishing these rights. 
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15.7.3 Mainstreaming Migration 
into Development 

The section on the consequences of migration demonstrated 
the role of migration in reducing poverty, increasing living 
standards, and enhancing the social and economic develop¬ 
ment of migrants, their families, and their communities. To 
enhance the development impacts and to reduce negative 
consequences associated with migration, measures should be 
taken to optimize the potential gains. If low-income house¬ 
holds are to fully benefit from migration this is an absolute 
necessity. For example, the effectiveness of Nepali policy on 
Tree-visa, free-ticket’ for migrant workers should be eval¬ 
uated, and, if it is successful, replicated in other HKH 
countries. 

Almost all HKH countries have taken different steps to 
integrate international migration into their development 
policies. However, most of these policies look at interna¬ 
tional migrant workers and their remittances as of valuable 
tool for attaining national development goals. They rarely 
look for avenues that create space for migrants or their 
left-behind families to benefit from on-going national 
development interventions. For example, in the area of 
financial inclusion, migrants are seen as potential savers. 
Programmes need to be developed that would provide access 
to credit, training, business advisory services, and others 
incentives so that migrants or their families have the tools to 
turn themselves into investors (Goal 8 & 9: Industry, Inno¬ 
vation and Infrastructure). Integrating return migrants in the 
development process is another strategy to use their accu¬ 
mulated skills and knowledge and, in many cases, their 
newly-acquired assets and wealth. Only China and India 
have specific policies in respect to internal migrants. In some 
cases, we have noted, these polices on internal migration 
work as barriers to integration rather than facilitators. 
Right-based and inclusive policies need to be framed tar¬ 
geting the internal migrants. 

15.7.4 Climate Change, Migrants and Urban 
Cities 

Each HKH country has developed its own policies, strate¬ 
gies, and action plans for climate change. These policies still 
regard internal migration as a threat. Policy planners need to 
transform their optics on labour migration and remittance 
into one of opportunity and as an added potential for 
adapting to climate change. This chapter suggests that the 
majority of migrants from communities affected by the cli¬ 
mate change and variability move within their country of 
origin. Their major flows are from rural to urban centres, 
particularly to major urban centres. It was also observed that 
new migrant populations in urban centres face significant 


challenges associated with violence, social exclusion, dis¬ 
crimination in the labour market, human and physical inse¬ 
curities, lack of access to health care, and exposure to new 
types of environmental risk. SDG 11 targets the creation of 
sustainable cities and community to enhance inclusive and 
sustainable urbanization. In order to attain SDG 11, HKH 
countries need to integrate housing, health, hygiene, sani¬ 
tation, and security for migrants into their city planning 
efforts. 


15.7.5 Collection and Compilation of Migration 
Data 

Target 16.10 of SDG 16 deals with standardizing and public 
access to information and data. Migration data are highly 
deficient in HKH countries. In several HKH countries, 
labour force surveys provide data on emigration. But these 
are not available on a regular basis. On the other hand, some 
countries like India use the census to provide data on 
immigration rather than emigration. There is also a consid¬ 
erable delay in the publication of migration data by censuses 
compared to other population characteristics. 

Sometimes migration data are provided on stock but not 
on flow and vice versa. There is a need for country-specific 
migration surveys at regular intervals in HKH countries. 
This information would help cross-country comparisons 
when trying to assess mountain economies. Furthermore, 
policy makers, researchers and NGOs could benefit from this 
data to fine tune and enhance their programmes and outreach 
on migration issues. However, in order to understand better 
the effects of migration in mountain areas, this data needs to 
have separate consideration for mountain areas in HKH 
countries. Data from other sources, such emigration at ports 
of departure, migrant registration prior to departure, insur¬ 
ance plans taken in connection with overseas employment, 
and remittances sent through banking channels would be 
useful to explore various dimensions of migration. 
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Chapter Overview 


Key Findings 

1. There are few existing regional policies and 
processes for environmental governance in the 
Hindu Kush Himalaya (HKH)—most are 
national and subnational. If this imbalance per¬ 
sists, it will undermine sustainable natural 
resource management in the region. Furthermore, 
it should be stressed, the implementation of 
existing policies and legislations in the HKH 
remains ineffective. 


2. Environmental governance reforms in the HKH 
emphasize decentralization, often creating pos¬ 
itive local outcomes—yet these local initiatives 
are not adequately supported through subna¬ 
tional and national governance systems. Suc¬ 
cessful local initiatives involve local communities, 
local governments and—increasingly—local and 
small-scale business groups. 

3. HKH countries lack institutions to link 
upstream and downstream communities in river 
basins and mountain landscapes. Environmental 
institutions need to address the complex geography 
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of the region. Collaboration is hampered by limited 
data and knowledge sharing, by weak local politi¬ 
cal representation at higher levels, and by insuffi¬ 
cient attention to social equity and inclusion. 


Policy Messages 

1. Governments and environmental institutions in 
the HKH need to act now to strengthen the 
interface among science, policy, and practice. 

Urgent actions in this direction are needed to 
improve policymaking, regional development 
planning, and adaptive environmental governance 
in the face of growing climate change impacts and 
persistent livelihoods challenges. 

2. Transboundary cooperation is crucial for 
improving environmental governance in the 
HKH. However, it is lacking mainly because the 
focus of intergovernmental initiatives has been on 
political and economic interests, rather than social 
and environmental wellbeing at the regional scale. 
Progress requires the establishment of formal, 
mutually agreeable frameworks for cooperation 
that are translated into action. HKH countries 
should build on ongoing collaboration initiatives to 
build and expand cooperation on complex trans¬ 
boundary environmental issues such as water basin 
management and energy security. 

3. Environmental policy implementation in HKH 
countries will improve only if national govern¬ 
ments recognize the multi-sectorial and 
cross-scalar nature of environmental gover¬ 
nance. Implementation depends on the engage¬ 
ment of various stakeholders, including local 
communities. There is also a need for facilitating 
upstream and downstream interactions for 
improving landscape level governance. For this, 
governments need to create regulatory frame¬ 
works and local institutional arrangements to 
enable the expansion of successful initiatives to 
empower community action and inspire 
community-government partnerships. There is 
an opportunity to learn from the past four decades 
of decentralization and community based resource 
management policies and programs and upscale 
and institutionalize the successful initiatives across 
the region. 


This chapter identifies four governance keys to the sus¬ 
tainable future of the HKH: 

1. Institutional innovation—for landscape level gover¬ 
nance, upstream-downstream linkages, and for trans¬ 
lating policy goals into action; 

2. Upscaling and institutionalizing decentralized and com¬ 
munity based resource management practices; 

3. Transboundary cooperation for managing connected 
landscapes; and 

4. Science-policy-practice interface for decision making, 
learning and effective implementation of policies and 
programs. 

The governance of environmental resources holds the key 
to the future of sustainable development in the Hindu Kush 
Himalaya (HKH). Environmental resources in the region are 
diverse and include forest, water, biodiversity, and agricul¬ 
ture. The governance of these resources involves a complex 
ensemble of policies, institutions, policy-making practices, 
and implementation procedures ( well-established ). More 
broadly, the term environmental governance denotes the 
ways in which both formal and informal institutions act to 
control and manage the environment in light of various 
social, cultural, economic, and ecological values. It also 
entails questions like who benefits and who loses, and finding 
ways to ensure equitable sharing of benefits, costs, and risks. 

While disproportionate in their influence, national envi¬ 
ronmental policies and institutions are complex and still 
evolving in response to many challenges of HKH environ¬ 
mental governance. A number of state agencies have 
emerged in the HKH countries, but they face challenges to 
achieve coordination and linkages across different levels: 
local, sub-national, national, regional, and global (well- 
established). At present, environmental governance in the 
HKH remains distributed unevenly across these various 
levels, with limited mechanisms and processes in place to 
build linkages across scales. Much of the planning and 
decision making power rests with national and subnational 
authorities, while regional and local authorities have much 
less. This imbalance in the vertical distribution of governing 
power is often incompatible with sustainable natural 
resource management (well-established). 

Institutional diversity in environmental governance is 
growing, creating opportunities for innovation. State agen¬ 
cies and local communities, too, have a long history in HKH 
environmental governance. And non-governmental organi¬ 
zations, private organizations, and knowledge communities 
have recently become more active. In general, the space for 
multi-actor engagement is now expanding across the region, 
but this opportunity still remains underutilised (established 
but incomplete). 
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Environmental governance faces other challenges besides 
the dominance of national and subnational authorities. One is 
that environmental institutions have not yet fully adapted to 
the complex geography of the Hindu Kush Himalaya. As a 
result, the region lacks appropriate and context-specific 
institutions to link upstream and downstream communities 
in river basins (established but incomplete). Another institu¬ 
tional challenge is the sectoral fragmentation of environmental 
governance, which impedes coordination ( well-established). 

The HKH region has begun to see reforms in environ¬ 
mental governance, especially through decentralization and 
devolution. Many of these initiatives address new and recent 
concerns in the region—climate change, disaster risks, and 
threats to biodiversity. Other reforms have promoted shifts 
toward market mechanisms in resource governance, espe¬ 
cially for the water, energy, and agriculture sectors ( estab¬ 
lished but incomplete). 

Although many of the reforms at the national and 
sub-national level aiming at decentralization and devolution 
have succeeded locally, they cannot have a more substantial 
impact without concurrent reforms in national and 
sub-national governance. These are needed to ensure an 
adequate institutional set up and linkages at various levels of 
governance. The reason is that local initiatives tend to prove 
limited when brought to scale. The limitations arise not only 
from poorly conceived policy frameworks, but from inade¬ 
quate attention to inequalities of power and from funda¬ 
mental deficits in accountability and representation. Unclear 
lines of authority and accountability often hinder effective 
devolution, and significant policy reforms are not translated 
into practice (< established but incomplete). 

Other failures of institutional effectiveness and imple¬ 
mentation also persist. Cooperation among HKH country 
governments is hampered by limited cross-border knowl¬ 
edge sharing, as well as by recurrent geopolitical standoffs in 
the context of growing global significance of the region. 
Within the national level, governance systems characterize 
weak cross-scale political representation and insufficient 
attention to social equity and inclusion ( established but 
incomplete). Another weakness is a continued disregard of 
scientific evidence which is itself limited in the context of 
HKH environmental systems. Although rich and abundant, 
local knowledge also remains underutilized in 
policy-making processes ( established but incomplete). 

Increasingly, a need is being recognized for a polycentric 
approach to HKH environmental resource governance: one 
that would emphasize new partnerships and cross-scale link¬ 
ages with improved knowledge-sharing platforms for diverse 
stakeholders ( established but incomplete). Also urgently 
needed are improved political articulations in the region that is 
undergoing rapid socioeconomic change and emerging 
geopolitical dynamics, and at the same time confronting 
serious environmental risks ( established but incomplete). 


While taking a broad view of environmental governance 
in the HKH, this chapter specifically examines three major 
resource sectors in the region: forest, water, and rangeland. 
These are the most prominent resources capturing a large 
part of the environmental governance space in the region-for 
example, 60% of the HKH region is under rangeland and 12 
major river systems originate from the Himalayas. It docu¬ 
ments the current state of governance in these sectors and 
describes emerging trends in environmental policy and 
practice. It identifies both gaps and opportunities in 
policy-making, in regulatory arrangements and enforceabil¬ 
ity, and in the adaptability of environmental governance to 
rising climate change impacts. Its central claim is that 
managing the resources of the HKH sustainably will depend 
largely on the emergence of regional and innovative insti¬ 
tutional arrangements—to foster intergovernmental dia¬ 
logue, to further common policy initiatives, and to enable 
collaborative trans-border community practices. 

Environmental Governance and the Sustainable 
Development Goals 

Promote a mountain-specific agenda for achieving the 
SDGs through increased regional cooperation among 
and between mountain regions and nations. 

It is increasingly being recognized that international 
cooperation is essential for global or regional environ¬ 
mental governance. In HKH region such cooperation 
needs to be based on sharing of scientifically collected 
information, developing comprehensive policies and 
accepting innovative practices leading to sustainable 
and mutual benefits. There is a need to revitalize the 
regional partnership in decision making institutions and 
processes by prioritizing the uniqueness of the HKH 
mountains and its people and ensuring their represen¬ 
tation in higher platforms of decision-making. It is also 
important to recognize the need for allocating sufficient 
resources for maintaining mountain ecosystems, and at 
the same time develop incentive mechanisms to 
encourage private as well as collective efforts towards 
conservation and sustainable use. 


16.1 Exploring Changes in Environmental 
Governance in the HKH 

This chapter focuses on assessing environmental governance 
and highlighting key trends and practices in policymaking, 
institutional dynamics, and resource management practices at 
local, national, sub-national, and regional levels. In Chap. 2 
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we have seen how environmental challenges cannot be 
addressed without strong and timely government interven¬ 
tions. It also elaborated on the consequences of poor envi¬ 
ronmental governance or a lack of it (see Sect. 2.3.3 for more 
details). The present chapter establishes a link between 
socioenvironmental change and the underlying structure of 
governance, which is itself changing over time. This link is 
important because, as we have seen in Chap. 4, researchers 
and practitioners consider poor governance as the third most 
important factor, after disasters and climate change, that poses 
the greatest threat to the prosperity of the region. The intention 
is not to make an exhaustive assessment of environmental 
governance in the HKH, but to identify and present specific 
forms of evidence that demonstrate the current state of gov¬ 
ernance and emerging trends in environmental policy and 
practice. In doing so, we identify gaps and opportunities 
related to policy making, regulatory arrangements and 
enforceability, and the overall adaptability of the governance 
system in the face of growing climate change impact in the 
region. We recognize that the term “environment” is broad, 
comprising the totality of the natural system, and we focus on 
three specific resource sectors—forest, water, and rangeland 
—to highlight key trends and practices in governance. 

We take a broad view of environmental governance as an 
ensemble of state policies, formal and informal institutions, 
and practices related to the control and management of the 
environment for a variety of economic, cultural, ecological, 
and social values. In essence, environmental governance 
involves defining and enacting rules related to the use, con¬ 
trol, and management of environmental resources. Such rules 
emerge either inside the formal system of the state (such as 
regulatory arrangements) or under traditional and indigenous 
arrangements of resource control. Regulations are defined as 
legally binding rules formed by the state, including consti¬ 
tutions, statutes, common laws, and governmental regula¬ 
tions, which are externally enforced (Bacho 2005). 

We also consider policy-making processes and stake¬ 
holder engagement as essential components of environ¬ 
mental governance. Policies are primarily seen as statements 
of intent to guide actions in both the short and long term. 
Institution is used to include organizations and entities that 
are involved in the process of translating or otherwise 
modifying policy and regulatory arrangements in the prac¬ 
tice of governance. Policies and institutions are closely 
linked to practices. They determine who is eligible to make 
decisions, which actions are allowed, which rules will be 
used, what procedures will be followed, what information 
must be produced, what payoffs will be assigned to indi¬ 
viduals, and how outcomes and processes will be monitored 
(Ostrom 1991). We cover both formal (statutory) and 
informal (traditional) institutions in environmental gover¬ 
nance. Formal institutions are generally linked to official, 
governmental, or bureaucratic formalities and are usually 


legally defined. At the local level, institutions also include 
those based on social norms and rules that are not formally 
coded (Leach et al. 1999). They include traditional author¬ 
ities, indigenous groups (chiefs, clan heads, family heads, 
and others), and organizations, as defined in local societal 
norms, values, and beliefs. 

Overall, governance processes and practices are concep¬ 
tualized as multi-scalar phenomena; thus, the assessment 
presented here covers local, sub-national, national, and 
regional levels (Fig. 16.1). The assessment is based on 
secondary data and literature review, capturing the latest 
research while drawing on policy literature, while also 
drawing on the longstanding research of the lead and con¬ 
tributing authors. The evidence presented is not drawn 
equally from all countries of the region but is instead based 
on the availability of published sources. We did not aim for a 
balanced representation of countries or sectors; rather, we 
focused on presenting the diversity of situations and trends 
in environmental governance. We have used case studies as 
illustrations, not for comparative analysis. 

The chapter is organized by scale—national, local, and 
regional—followed by an analysis of cross-scale interactions 
and how practices across scales are either linked or remain 
disjointed. Following this Introduction, the next section 
focuses on environmental governance at the national and 
sub-national levels by presenting a broad review of the status 
of policy and institutions governing natural resources and 
analyses policy implementation at this level. We indicate 
how policies, regulations, and institutions are changing over 
time and highlight important gaps related to the lack of 
coherence, deficits in implementation, and tendency to 
ignore evidence in policy-making processes. 

Thereafter, we assess local level environmental gover¬ 
nance, focusing on community-level institutions and local 
government. As we demonstrate, decentralized and 
community-based approaches to environmental management 
have emerged as a global agenda for advancing sustainable 
development, and considering this shift in global policy 
debate, we provide an assessment of this phenomenon in the 
HKH. We assess the extent and trends of devolution and 
decentralization of power to communities or local govern¬ 
ments, drawing on indicative evidence on the outcomes of 
this important policy change in terms of livelihood security 
and ecological sustainability. We show that ambiguous lines 
of authority, representation, and accountability too often 
hinder effective decentralization and devolution in practice. 
We also explore opportunities for the HKH countries to 
strengthen local governance systems for natural resource 
management, to empower communities, and to involve local 
governments and authorities. 

This is followed by an assessment of regional-level 
cooperation in environmental governance in the HKH. We 
assess the evolving mechanisms and processes through 



550 


H. R. Ojha et al. 


Fig. 16.1 Conceptual 
framework for multidimensional 
governance 
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which HKH countries engage in regional cooperation, and 
then identify their promise and gaps. Highlighting the context 
of globalization and increasing interconnectedness among the 
HKH countries, we demonstrate that the prospect for regional 
environmental cooperation has increased. Lastly, the chapter 
presents a cross-scalar analysis of governance focusing on 
knowledge interfaces, vertical interaction, social inclusion, 
and adaptive governance systems. Here, we explore gaps and 
opportunities for linking local, national, and regional pro¬ 
cesses for better vertical cooperation using the lens of poly¬ 
centric and adaptive governance. We demonstrate that 
although environmental governance in the HKH is a 
cross-scalar practice, deliberate attempts to foster cross-scale 
learning and adaptation are far from adequate. Finally, we 
summarize the situation of environmental governance and the 
opportunities presented for improvement. 

Overall, the chapter provides a strategic assessment of 
environmental governance in the HKH and identifies 
opportunities for improved cross-scalar governance in the 
context of the growing need for tackling the twin challenges 
of ongoing climate change and socioeconomic transforma¬ 
tion in the region. 


16.2 Predominance of National 
and Sub-national Policies 
and Institutions 

Although there is increasing acknowledgement of the HKH 
as a region of interconnected transboundary landscapes, 
governance and policy processes remain primarily at the 
level of individual countries. Despite being at different levels 
of economic development and diverse in their political, 


administrative, and legal setup (Chettri et al. 2008), all the 
countries in the region have formulated policies and legal 
instruments to safeguard the environment and foster sus¬ 
tainable utilization of natural resources (see Table 16.1). 
Environmental governance, in particular, has gained 
momentum under the increasing authority and role of central 
governments in policy making and development planning 
since the 1950s. 1 From that point, and especially after the 
1992 United Nations Conference on Environment and 
Development, countries started formulating policies con¬ 
cerning the environment and sustainable management of 
natural resources. The region has seen increasing policy 
reforms to regulate the environment and common pool 
resources (CPRs), particularly forests, rangelands, and water. 
Overall, there has been a gradual paradigm shift from a 
species- and habitat-focused approach to a participatory 
livelihood-based landscape approach to conservation poli¬ 
cies and practices (Sharma et al. 2010). 

16.2.1 Recent History of National 

and Sub-national HKH Environmental 
Policies and Institutions 

Environmental policies and laws in the HKH countries ini¬ 
tially evolved under central governments and were later 
expanded through donor support and NGO and community 


'The first national Five-Year-Plans (FYPs) were implemented by India 
from 1951 tol956, China from 1953 to 1957, Pakistan from 1955 to 
1960, Afghanistan and Nepal from 1956 to 1961, Bhutan from 1961 to 
1966, Bangladesh from 1973 to 1978, and Myanmar from 2011/12 to 
2015/16. 
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Table 16.1 Primary environmental and natural resource policies and laws in the HKH 


Countries 

Environment (General) 

Forest 

Rangeland 

Water 

Afghanistan 

National Environmental 
Protection Agency 
(NEPA) 2005, Islamic 
Republic of Afghanistan, 
Environmental Law 2007 

Policy and Strategy for the 
Forestry and Range 
Management Sub-sectors 

2003 

Rangeland Law 2012 

Strategic Policy 

Framework for the Water 
Sector 2006 

Forest Law 2006 

Water Law of Afghanistan 

2009 (revised from 1991) 

Bangladesh 

Bangladesh Environment 
Conservation Act 2010; 
National Environment 

Policy 1992, and 

Bangladesh 

Environmental 

Conservation Rules 1997 

Forest Act 1927 and 
Amendment 

N.A. 

Bangladesh Water Act 

2013 

Bhutan 

National Environment 
Protection Act 2007 

Forest and Nature 
Conservation Act 1995 

Forest and Nature 
Conservation Act 1995 

Water Policy 2008 

Biodiversity Act 2003 

Land Act of Bhutan 2007 

Water Act 2011 

Water Regulations 2014 

China 

Environmental Protection 

Law 1989, revised 2014, 
effective 1 January 2015 

Forest Law 1998 

Rangeland Law 2003 

Water Law 1988 

India 

Environment Protection 

Act 1986 

Forest (Conservation) Act 

1980 

N.A. 

The Water (Prevention 
and Pollution Control) Act 

1974 

National Environment 

Policy 2006 

Nepal 

Environment Protection 

Act 1997 

Forest Act 1993 

Forest Regulations 1995 

Rangeland Policy 2012 

Water Resources Act 1992 

Myanmar 

Environmental 

Conservation Law 2012 

Forest Law 1992 

Forest Policy 1995 

Forest Rules 1995 

N.A. 

Canal Act 1905 

Water Power Act 1927 

Groundwater Act 1930 

Conservation of Water 
Resources Law 2006 

Pakistan 

Environment Protection 

Act 1997 

National Forest Policy 

2015 

Khyber Pakhtunkhwa 
Rangeland Policy 2014 

Draft National Water 

Policy 2005 

National Environment 

Policy 2005 

National Sanitation Policy 

2006 

National Drinking Water 

Policy 2009 


movements. All HKH countries have a long history of 
community dependence on and engagement in the man¬ 
agement of natural resources, whereby the natural resources 
were controlled, appropriated, and managed through locally 
evolved norms, indigenous practices, and institutions (Fisher 
1989; Shrestha 2016) (see Sect. 16.3). With the increasing 
involvement of the state in modern times, natural resources 
have increasingly been governed through policies and laws 
made centrally. 

In some of the HKH countries, the emergence of national 
environmental policies and the expansion of institutions have 
been spurred in part by democratic changes. In Bangladesh, 
Bhutan, India, Nepal, Pakistan, and, recently, Myanmar, 


elected parliaments provide policy directions and make laws. 
In Afghanistan, presidential decrees and laws passed by the 
national parliament continue to be influenced by tribal or 
customary laws (Khan 2015). In China, the National People’s 
Congress (NPC) and its Standing Committee are mandated 
bodies that approve policy directives and enact laws. Today, 
all HKH countries have a plethora of policies and legal 
instruments (see Table 16.1). Forest regulations were the first 
among the environmental laws to be made in the region. In 
India, the Forest Act 1865 that marked the beginning of state 
control of forest was formulated under the pre-partition Bri¬ 
tish regime, primarily for the colonial interest in using the 
forests for industry (Baginski and Blaikie 2007; Muhammed 
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et al. 2008). In Nepal, forests were nationalized in 1957, prior 
to which many areas were converted to farmland and timber 
extracted for export (Gautam et al. 2004). In Bhutan, state 
control of forests came with the enactment and revision of the 
Forest and Nature Conservation Act of 1969 (later revised in 
1995) and the Land Act of 1979, which reduced the status of 
local communities from “owners” to “proprietors” (Dorji 
et al. 2006). All countries accord high priority to conservation 
of forests and biodiversity; 39% of the region’s estimated 
3,441,719 km 2 is designated as protected area (Chettri et al. 
2008). 

Box 16.1 Factors affecting the governance of 

natural resources in the Hindu Kush Himalaya 

1. The remoteness of mountain communities and their 
distance from decision-making centres reduces 
coordination of formal and informal institutions. 

2. Physical fragility has a high impact on natural 
resources, necessitating a mechanism for quick 
response, which local institutions may lack. 

3. Being highly dependent on nature for subsistence, 
mountain communities do not respond well to 
restrictions on resource use, which are difficult to 
impose and monitor. 

4. Ethnic diversity, resulting in the heterogeneity of 
cultures, traditions, and practices, can hinder con¬ 
sensus in decision making. 

5. Lack of clear property rights over high-value niche 
products in mountains may lead to 
over-exploitation. 

6. The transboundary quality of natural resources 
places limits on the elfective monitoring, patrol¬ 
ling, and use of sanctions across borders. 

7. The governance of resources that are transbound¬ 
ary in nature is limited by conflicting policies and 
institutions among the countries sharing the 
resources. 


Alongside policies and regulations, the national institu¬ 
tional landscape has also grown over the past several dec¬ 
ades. The institutional setup for regulation and 
implementation of the environmental policies and laws is 
centralized, with coordination authority vested in ministries, 
commissions, and departments. Water resources are regu¬ 
lated by councils or commissions in Afghanistan, Bhutan, 
and Nepal, and by ministries in China, India, Pakistan, and 
Myanmar. Forest resources in the region are regulated pri¬ 
marily by forest departments at the central, state, and 
provincial levels. There are no institutions solely dedicated 


to regulating rangelands. Except for China, which has a 
separate law, rangelands in most HKH countries come under 
the purview of the forest department. 

16.2.2 The Recent Shift Toward 

Decentralization and Community 
Participation 

Although there was an initial transfer of authority and con¬ 
trol of natural resources, especially forests and rangelands, 
from traditional communities to central agencies, environ¬ 
mental and natural resource policies are now moving toward 
decentralization and devolution to communities of power 
and rights over natural resource access and management 
(Agrawal 2001). The HKH countries are progressively 
embracing good governance based on the principles of 
decentralization, gender-sensitive participation, and equi¬ 
table access to resources. Governments are increasingly 
finding ways to promote local management of natural 
resources, especially forest resources, while ensuring central 
government control and authority. 

According to Sharma et al. (2010), along with the inte¬ 
gration of many global conventions, there has been a gradual 
paradigm shift in conservation policies and practices 
encompassing acceptance of local communities as an inte¬ 
gral part of national conservation initiatives. This shift has 
been triggered in part by the acknowledgement of continued 
environmental degradation when resources were exclusively 
under centralized government authority. Forests and range- 
lands in all HKH countries were initially brought under state 
control through exploitative forest policies and laws pri¬ 
marily to meet state interests in exploiting forest to generate 
revenue and support industry (Muhammed et al. 2008). 
Responding to deterioration in the condition of forests, and 
acknowledging the increasing cost of managing forest 
without community involvement, governments have imple¬ 
mented processes, sometimes through donor support, that 
allow local community access and engagement in forest and 
rangeland conservation and management. This has come 
about in the form of social forestry in Bangladesh, com¬ 
munity forestry in Nepal and Bhutan, joint forest manage¬ 
ment in Pakistan, and the Scheduled Tribes and Other 
Traditional Forest Dwellers (Recognition of Forest Rights) 
Act, 2006 in India (Baginski and Blaikie 2007). The move 
towards decentralization of authority under community for¬ 
estry programmes is reported to have contributed immensely 
to the economic advancement of isolated rural communities 
in Nepal (Dahal and Chapagain 2005) and Bhutan (Namgyel 
2005) (discussed in more detail in Sect. 16.3). In Bangla¬ 
desh, for example, six major social forestry projects have 
together generated a total of 80.55 m man/days of work 
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opportunities and raised some 97,584 ha of plantations 
between 1980 and 1999. FD office records suggest that Taka 
700 million worth of products were harvested from social 
forestry plantations in about a decade, and Taka 5000 crore 
worth of assets generated (Chowdhury 2001; Mowla 2001; 
Khan et al. 2004). 

The shift toward decentralized management is also 
apparent in the water sector. Water use and management in 
all HKH countries is governed specifically by water policies 
and acts initiated at different times that provide for state 
control over all sources of water (Table 16.1). But in recent 
times, governments have been taking the initiative to move 
toward decentralized management of water resources 
through the establishment and empowerment of river basin 
committees and water users’ associations for the purpose of 
equitable benefit sharing. Since the first half of the 1990s, 
several programmatic efforts (notably, the Third and Fourth 
Fisheries Projects, Management of Aquatic Resources 
through Community Husbandry—MACH) have been made 
to engage local communities in water co-management in 
Bangladesh with varying degrees of success. Despite many 
limitations, these efforts have refocused attention on com¬ 
munity engagement and documented the benefits arising 
from such engagements (USAID 2010; Haider and 
Thompson 2006). 

The situation for rangelands is different. While China has 
a separate policy for rangelands, Nepal finalized its range- 
land policy only in 2015. In the case of Pakistan, rangelands 
are under the jurisdiction of provincial governments, and the 
province of Khybar Pakhtunkhwa adopted a rangeland pol¬ 
icy in 2014. In the rest of the HKH countries, rangeland laws 
are integrated into the provisions under forest and conser¬ 
vation laws. 

While the trend toward decentralized management is 
welcome (see Box 16.1 for examples), it is now widely 
agreed that local institutions in the HKH countries lack 
coordination with the state and with policies at the national 
level. This lack of cross-cutting institutional coordination 
weakens the environmental governance processes within the 
countries of the region. 

Box 16.2 Forests as a source of income 

The majority of the countries in the HKH have 
evolved from being poverty-indifferent to being 
poverty-responsive, with policies that now take into 
account the needs of the poor by clearly defining their 
rights to resources. For example, Nepal’s community 
forestry regulations allow community forest user 
groups to freely fix prices, market, and make profits, 
with 25% of the income from forestry invested for 
forest development (Ojha et al. 2009). From 2007 
onward, it was made mandatory to invest 35% of 


income generated from community forests in pro-poor 
programmes and to include women in the key posts of 
the user group executive committees (Pokharel et al. 
2012). In Bhutan, the Gross National Happiness 
Commission adopts a budget allocation formula that 
allows for resources to be allocated on the basis of 
population and poverty incidence. In India, policy and 
legislation provide quotas for employment in the 
government and other sectors (Venkateswarlu 2013). 
Further, the recent grant of authority to highland 
nomadic communities for the harvest of the medicinal 
Cordyceps sinensis has transformed their poverty and 
hardship to prosperity (Namgyel 2005). 


16.2.3 The Emerging Focus 

on Multi-stakeholder Engagement 

In global environmental governance reforms, stakeholder 
participation is widely acknowledged as an important aspect 
of policy making, development planning, and implementa¬ 
tion of sustainable natural resource management (Larson and 
Soto 2008). This trend finds resonance in environmental 
governance in the HKH, and can be described as emerging 
hybrid modes of governance across the 
state-market-community. There are three distinct levels with 
two interfaces (Khan and Hossain 2006): 

1. international and regional level, where the stakeholders 
are primarily international governing bodies, donor 
agencies, international NGOs, and governments; 

2. national level, where the players are government and 
national-level NGOs, together with the private sector; 
and 

3. grass-roots level, where the main actors are 
community-based organizations (CBOs), local NGOs, 
local governments, and development agencies. 

Each of these levels has distinct functions and forms of 
partnership among the three types of social institutions, i.e., 
the state, private sector, and civil society. Coordination and 
collaboration between these operational levels occurs across 
two interfaces: national-international and national-gras s- 
roots (Khan and Hossain 2006). 

In the HKH, the public sector, communities, and private 
sector are emerging as partners, though not equal, in the 
governance of resources. For example, in Bhutan, sectoral 
policies are subjected to vigorous stakeholder consultations 
and a policy screening tool to ensure that the proposed 
policy upholds the values and principles of Gross National 
Happiness (GNH). Gross National Happiness is the 
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fundamental development philosophy providing the frame¬ 
work for sectoral policies and initiatives. Essentially, it calls 
for a balanced and integrated approach to socioeconomic 
development, preservation of the environmental and cultural 
heritage, and promotion of good governance. In India, the 
media, judiciary, and civil society are playing increasingly 
vocal roles in advocating for mountain environments, and all 
development projects that affect natural resources require 
clearance from local panchayat institutions (these local 
institutions are for conflict resolution, rural development, 
and natural resource governance in many South Asian 
countries, including India, Bangladesh, Nepal, and Pakistan) 
(Ghosh 2008). Communities and advocacy groups also 
engage in public consultations over new government poli¬ 
cies. In Nepal, stakeholder engagement has been expanding 
with increasing recognition of the private sector (Timsina 
and Gotame 2014). 

16.2.4 The Role of Governance 

in Mainstreaming Climate Change 
in Development Plans 

All countries in the HKH have heeded the United Nations 
call for mainstreaming environment into development 
planning and decision making in order to achieve the dual 
purpose of poverty reduction and environmental sustain¬ 
ability. A key aspect of mainstreaming environment is to 
orient governance, institutions, and political systems aimed 
at improving the environment in ways that also benefit the 
poor and reduce vulnerability to the effects of climate change 
(UNDP-UNEP 2009). Mainstreaming of environment and 
climate change through projects has begun in the region 
through the adoption of the Sustainable Development Goals 
and the ratification of the 2015 Paris Agreement and with 
support from international donors (UNFCCC 2015). How¬ 
ever, the policies often adopt a linear process with discrete 
steps of policy formulation and implementation, without 
considering the governance challenges that exist (Friend 
et al. 2013). As a result, the process is often driven by global 
imperatives rather than through national-level political for¬ 
ums, as reported in the case of climate policy development in 
Nepal (Nightingale 2016; Ojha et al. 2016). While adapta¬ 
tion remains a priority, the HKH countries are also pursuing 
mitigation policies to reduce carbon emissions. Bangladesh, 
China, India, and Nepal were among the first globally to 
ratify the Paris Agreement. 

Experiences in mainstreaming climate change into 
development plans reveal implementation challenges due to 
the disconnect between various tiers of governance. In 
Nepal, projects—often donor supported—have had a limited 
effect on the ground due to the highly centralized design and 
implementation process, engagement of only government 


stakeholders, limited time frames, and fragmented activities. 
Regmi and Star (2015) analysed how climate change is 
mainstreamed in Nepal in two case studies. The findings 
suggest that one of the governance challenges to main- 
streaming of community-based adaptation into the devel¬ 
opment process is the gap in implementation approaches. 
Regmi and Star’s findings show that bottom-up approaches, 
for example the Local Adaptation Plan of Action (LAPA), 
were successful in mobilizing local community groups and 
increasing their awareness. However, they failed to influence 
the government institutions, which resulted in a lack of 
support and continuity from the centre, highlighting the 
critical disconnect between policy and practice. 

16.2.5 Identifying Barriers to Policy 
Implementation 

The policies and laws for the management of natural 
resources in the HKH are fairly comprehensive including 
provisions for decentralization and the need for main- 
streaming wider environmental concerns in development 
planning. Table 16.1 summarizes the major policies and 
legislation formulated for environmental protection in gen¬ 
eral, and forests, water, and rangeland, in particular. All 
eight countries have an overarching environmental protec¬ 
tion act. The forest related acts are the oldest, and rangeland 
related acts and policies the most recent (2015 in Nepal). 
There have been conflicting views on having integrated 
policy and legislation for all-natural resources versus having 
separate policies and acts with a focus on specific resources. 

The experience suggests that mainstreaming at policy 
level has been successful, but that gaps between policy 
formulation and implementation are common in all the HKH 
countries. A number of studies, as cited below, have noted 
barriers and challenges in implementing policies and legis¬ 
lation, including the lack of clarity and appropriateness of 
policies and the inadequacy of the regulatory and institu¬ 
tional arrangements. In China, the Environmental Protection 
Law of 2014, though perceived as the most progressive and 
stringent, was considered by some to be inadequate in terms 
of the overriding power of other laws such as the water law, 
as well as other factors, including the fragmented and 
overlapping structure of environmental governance; shield¬ 
ing of the government from lawsuits by citizens, civil 
groups, and NGOs for breach of environmental standards; 
and lack of capacity and conflicts of interest that may 
impede implementation (Zhang and Cao 2015). In Pakistan, 
policies were described as rhetoric, theoretical, and 
politics-driven, and were often associated with change of 
government (Shabaz et al. 2007). In Bangladesh, the policy 
response to forestry sector development was described as 
loaded with rhetoric (Khan and Harriss-White 2012). In 
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countries like China and India, where mountain areas con¬ 
stitute only a fraction of the entire country, overall national 
policies do not adequately address mountain-specific needs 
(Sharma and Chettri 2005), and this disregard of mountain 
specificities reduces options for communities, rendering 
them vulnerable to environmental and economic distresses 
(Jodha 2005). In Nepal, one of the key factors thought to be 
hindering successful implementation of pro-poor community 
forestry was that both projects and government line agencies 
had historically been compartmentalized and were restricted 
in the range of services they could offer to user groups 
(Pokharel et al. 2007). 

Another aspect of the policy implementation gap is the 
donor dependence of the developing economies in the 
region. Countries like Afghanistan, Bangladesh, Bhutan, 
Myanmar, Nepal, and Pakistan are still dependent on 
external assistance for their development needs. Donors are 
assisting these countries in developing exhaustive policies 
and legal instruments, but they are not adequately followed 
through for a number of reasons related to relevance and 
inadequate institutional, human, and financial capacity. 

16.2.6 Gaps in Building Adequate 
and Responsive Institutions 

Administrative agencies form the fundamental institutional 
setting for policy implementation and thereby influence 
outcomes (Maynard-Moody and Herbert 1989). Inappropri¬ 
ate institutional settings and lack of strategies and actions for 
proper implementation can be as much a cause for 
policy-related failures as inappropriately contextualized 
policies (Peters 2015; Zittoun 2015). Faulty implementation 
can also be the result of the inadequacy of the administrative 
agencies represented by the public institutions, or their 
ineffectiveness in delivering public services and imple¬ 
menting programmes. Institutional weaknesses have been 
identified as the direct result of bureaucratic political 
weaknesses and non-accountability in South Asian states 
like Afghanistan, Bangladesh, India, Nepal, and Pakistan 
(Robbins 2000; Wirsing 2007; Barnes and Laerhoven 2014; 
Fleischman 2014). 

Limited institutional capacity has affected the natural 
resource sector in many HKH countries, and this in turn has 
compromised the implementation of policies and the provi¬ 
sion of timely and useful feedback to policy development. In 
Nepal, the functions of government agencies, particularly 
sectoral organizations such as the district forest offices 
(DFOs) and the district livestock service offices (DLSOs), 
have often been influenced by the availability of programme 
funds. While institutions supporting two related programmes 
—community forestry and leasehold forestry—lacked 
coordination to enhance overall effectiveness (Bhattarai et al. 


2007; Ojha 2014). In Bangladesh, several managerial and 
technical problems have hindered policy and programme 
implementation in forest management. The problems include 
lack of skilled manpower, minimal capital investment, and 
lack of relevant expertise for translating international forest 
policies into national forestry plans at the national and 
regional levels (Muhammed et al. 2008). In Afghanistan, 
centralized state institutions have co-existed uneasily with 
fragmented, decentralized traditional society since attempts 
at state-building began (See Box 16.2). 

While rangeland institutions are well-developed in 
countries like China and Bhutan, they have only recently 
started to take shape in India and Nepal. In Nepal, the 
policies and governance necessary for promoting rangeland 
management have only been developed recently (Ministry of 
Livestock Development 2017). Previously, public services 
and technical support were either unavailable or inaccessible 
to local herders in the mountainous rangelands of northern 
Nepal, and research, development, and provision of exten¬ 
sion services were lacking (Dong et al. 2009). 

Similarly, institutions for water management in many 
parts of the region lack the capacity to design and deliver 
effective management functions. For example, Pakistan lacks 
investment in storage capacity, water-use efficiency, and 
sustainable management of surface water and groundwater 
resources to avoid problems of soil salinization and water¬ 
logging (Watto and Mugera 2016). In Afghanistan, institu¬ 
tions do not have access to suitable or sufficient information 
and data for planning, and there is a shortage of efficient 
institutions, organizational capabilities of staff, and effective 
rules and regulations regarding water use, in part due to 
persistent wars. In Bhutan, lack of human resources and 
capacity remains a major constraint on effective inter-agency 
coordination for implementing integrated water resource 
management required by the Water Act. Mahmoodi (2008) 
found that only 30% of the country’s potential water 
resources were being used, while the rest remained inac¬ 
cessible. The current status of policy and institutions for 
upstream-downstream linkages is also limited in the HKH, 
although the importance of these linkages is increasingly 
recognized in recent research on transboundary water gov¬ 
ernance (Pigram 2000; Nepal et al. 2014; Rasul 2014; 
Shrestha and Ghate 2016). 

Box 16.3 Changing institutional structure due to 
conflicts 

For centuries, tribal and religious leaders in Afghani¬ 
stan have created “microsocieties”, which are related 
to central and other powers on the basis of negotiation 
and patronage. However, the years of conflict and civil 
war have changed the nature of politics both at the 
local level and between the local and national levels. 
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The co-existence broke down as power became highly 
decentralized and factional leaders, operating in rela¬ 
tively distinct geographic areas, organized loose alli¬ 
ances to gain control of, or resist, the centre. 
Hierarchies of commanders, so-called “warlords”, 
came to dominate large areas, linked in some areas to 
tribal structures. Structures of power are dynamic, 
however, and evidence from Afghanistan suggests that 
they continue to change, and the complex ways that 
power holders interact with the state institutions con¬ 
tinue to be modified (Lister 2007). 

The war in Afghanistan has also caused disinte¬ 
gration of the traditional arrangements of rangeland 
institutions and led to the lack of an enabling policy 
environment for sustainable rangeland use. Further, 
the lack of coherent legislation on land rights has 
generated conflicts between nomads and sedentary 
farmers due to conflicts of interest between winter 
grazing and crop cultivation. In some cases, conflicts 
have arisen between government authorities and local 
communities, since government-owned land was not 
distinguished from publicly-owned land, and common 
resources were taken away from communities by those 
in power (Ali and Shaoliang 2013). 

The lack of institutional connectivity in the region has 
also hindered the ability of nation states to respond to crises. 
These constraints severely affected the relief and rehabilita¬ 
tion programmes after the Kedamath disaster in the Uttar¬ 
akhand Himalaya in June 2013, in which several thousand 
people died and the livelihoods and assets of a large pro¬ 
portion of the regional population were devastated (Tiwari 
and Joshi 2015). At present, some HKH countries are 
renewing their approach toward local government structures; 
for example, in Afghanistan they are linking village insti¬ 
tutions, government ministries, and international donors 
(Noelle-Karimi 2006). 


16.3 Empowering Local Institutions Through 
Decentralization and Devolution 

In practice, environmental governance in the HKH is a 
profoundly local phenomenon, involving local communities, 
local governments, and increasingly local and small-scale 
business groups. Over the centuries, a variety of 
community-based natural resource management systems 
evolved in the region, based on traditional norms and 
indigenous institutions (Denholm 1991; Gilmour 1990; 
Farooquee et al. 2004; Sharma et al. 2006; Kreutzmann 
2012). In Nepal, Farmer Managed Irrigation Systems 


(FMIS) are known to exist going back centuries, and these 
continue to irrigate almost 70% of farmland in the country. 
(For more details, see Chap. 8.) However, since the 1950s, 
almost all the HKH countries have seen increased state 
engagement in policy formulation, enactment, and enforce¬ 
ment of legislation and implementation of state-sponsored 
programmes (Blaikie and Sadeque 2000). The era of direct 
state control over environmental resources led to a crisis of 
environmental degradation in the late 1980s (Ives and 
Messerli 1989), prompting national governments to adopt 
policies for participatory management, joint management, 
and community management, particularly for forest resour¬ 
ces (Hobley 1996). Alongside the age-old tradition of 
community-based environmental management systems, all 
eight countries in the region have undertaken formal 
decentralization and devolution reforms, especially after 
1990, transferring some power of governance to local 
communities and elected local governments (Baginski and 
Blaikie 2007; Pasakhala et al. 2017). 

Globally, the move toward devolution and decentraliza¬ 
tion has been driven by multiple forces, including the loss of 
legitimacy and/or credibility of the centralized state (Bard- 
han 2002). This has led to demands for deregulation and an 
increased role for market players (Mohan 1996), escalating 
concerns about poverty reduction (Crook 2003), increasing 
awareness about the need for environmental conservation 
(Agrawal 2001), and the growing consensus that local 
stakeholder participation is required to achieve sustainability 
goals, which implies a need to improve governance through 
community involvement, engagement, and ownership (Fung 
and Wright 2001; Ribot 2003, 2007). 

In the HKH, governments in collaboration with donors 
have invested heavily in strengthening local and subnational 
systems and developing new institutions, often reviving the 
indigenous institutions. Both customary and formal commu¬ 
nity management institutions, “facilitated” by state and 
development agencies, are important elements in the local 
governance of environmental resources, despite the diverse 
historical trajectories of environmental governance across the 
region (Mosse 1997; Agrawal and Gibson 1999; Blaikie 
2006). For example, Nepal has a strongly decentralized 
community forestry system which blends traditional institu¬ 
tions and state-sponsored decentralization reform (Gilmour 
and Fisher 1991; Ojha 2014). On the other hand, published 
literature indicates that the efforts of establishing a strong 
centralized state have not been complemented by sufficient 
attention to local government at the provincial and district 
level. As a result, governance at the local level is very com¬ 
plex and confused in Afghanistan. The Indian Himalaya have 
a local government-centric forest management system which 
engages local people while retaining control within the gov¬ 
ernment (Hobley 1996; Agrawal and Yadama 1997; Sivara- 
makrishnan 1999), and the Chinese Himalaya have also seen 
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increasing trends towards decentralization, which is akin to 
de-concentration (Larson and Ribot 2004). In contrast, in 
Pakistan, the authority of the forest department has barely 
been decentralized, despite the adoption of a participatory or 
joint forest management strategy (Shahbaz et al. 2007). 

The degree of decentralization also varies across the 
resource sectors within a country. For example, in contrast to 
forest and biodiversity management, the governance of 
water resources remains predominantly a national and sub¬ 
national issue in most HKH countries. On the other hand, 
rangeland (which covers 60% of the entire HKH) is pri¬ 
marily under community management even when formal 
rights are retained by the government (Sharma et al. 2007). 
While these examples suggest a common trend in transfer¬ 
ring power from higher to lower levels of governance, there 
is no coherent body of evidence from the region to suggest 
that decentralization always has a positive outcome for 
people and the environment (Jutting et al. 2004). Rather, the 
impact varies in line with the geographic and political 
diversity in and within the individual countries. 

Many of the decentralization and devolution policies are 
sponsored by aid agencies. International support has been 
crucial in providing resources for decentralization projects 
and, in particular, in promoting mechanisms to enhance 
gender equality and social inclusion. Nevertheless, donor 
influence in decentralized governance has not always pro¬ 
duced sustainable change and innovation (Guthman 1997; 
Sarin 2001, cited in Sarkar 2008; Rangan 1996; Nautiyal 
2011). In Bangladesh, the imposition of a generic 
co-management “model” has caused local-level problems in 
negotiating popular acceptance of the programme and 
long-term institutional sustainability. In Pakistan, decen¬ 
tralization and collaborative governance agendas are driven 
by international agencies and the national administration, 
causing tensions with more local-level forest departments in 
the north of the country (Ali and Nyborg 2010). 

Furthermore, the effectiveness of local institutions is 
shaped by external factors (Ojha et al. 2016a). For example, 
van panchayats in Uttarakhand in India are facing tremen¬ 
dous demographic and economic pressure, which is under¬ 
mining the effectiveness of these institutions (Sarkar 2008). 
On the other hand, it is yet to be ascertained if the Biodi¬ 
versity Management Committees (BMC) in the state have as 
much acceptability among communities as van panchayats 
or gram panchayats that have statutory mandate similar to 
BMC. The increasing professionalization of resource gov¬ 
ernance is leading to further democratic deficits. Policies 
become stronger in terms of technical considerations but 
lack the flexibility required for successful implementation in 
real life situations. Consequently, stakeholders often find 
themselves in a situation where state policies do not address 
their interests, leading to increased conflicts over the proper 
governance of local-level resources (Nightingale 2005). 


Therefore, community-based natural resource management 
is not only about community-level decision makers; it also 
requires inputs from government actors and agencies, and 
sometimes the involvement of market actors where forest 
products can be exchanged for cash (Agrawal and Verma 
2017). 

16.3.1 The Status of Local Informal Institutions 
Under Increasing Decentralization 

Growing socio-anthropological research clearly states that 
communities possess unique local information which distant 
state agencies generally do not possess, and which may help 
solve complex environmental problems (Ostrom 1990, 
2010). Community-based institutions are vital in the 
enforcement of shared norms of behaviour and in resolving 
conflicts (North 1990; Ghate and Chaturvedi 2016). More¬ 
over, the formal involvement of community members is 
likely to enable a more equitable allocation of benefits from 
environmental resources because community members have 
a better understanding of their needs and can pressure state 
officials to distribute benefits more equitably (Agrawal and 
Lemos 2007). Chapter 8 indicates how traditional institu¬ 
tions are marked with gender inequality when it comes to 
access to water. 

In Afghanistan, the new Water Sector Policy has adopted 
principles for implementing integrated water resource man¬ 
agement (IWRM) and decentralizing activities gradually to 
the river-basin and sub-basin levels. According to Mah- 
moodi (2008), programmes have been developed to achieve 
the strategic goals outlined in the policy in terms of insti¬ 
tutional development, capacity building, poverty alleviation, 
modernizing irrigation systems, prevention of water loss, 
water resource development, expanding rural water supply, 
improving sanitation system, and river bank protection. The 
government now prioritizes water and power development 
through IWRM, and water has been heralded as the means to 
achieve other economic and developmental goals. 

Box 16.4 Community Forestry in Nepal: An 
example of successful community-based envi¬ 
ronmental management 

Nepal’s community forestry has a formal history of 
more than 40 years; it was first triggered by the 
Himalayan degradation perceived in the 1970s (Ives 
and Messerli 1989). With more than one-third of the 
population involved, and over a dozen international 
and bilateral agencies supporting the process through 
at least four different regimes, community forestry is 
now deemed successful in terms of scale of activity, 
length of experience, diversity of local management 
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regimes, and richness in facilitative experience in 
devising ways to achieve both poverty reduction and 
conservation goals (Acharya 2002; Ojha et al. 2009). 
However, gender mainstreaming in forest governance 
and policy remains far from desirable (for details, see 
Chap. 8). 


16.3.2 The Effectiveness of Formal 

Community-Based and Decentralized 
Environmental Management 

Assessing the effectiveness of decentralized programmes in 
the HKH is difficult, as indicated by the challenges outlined in 
the previous section. However, some key insights emerge, 
even if the picture is mixed. The most notable case of 
community-based resource management is Nepal’s commu¬ 
nity forestry, which started in the late 70s in the hills of Nepal 
(Gilmour and Fisher 1991). This programme is considered 
successful in (a) bringing local communities back into the 
management process by recognizing their rights over forests; 
(b) fostering institutional innovation based on community or 
participatory forest management mechanisms; (c) transform¬ 
ing the rules of resource management to favour forest sus¬ 
tainability; (d) developing a self-sustaining system by 
broadening the range of actors to undertake diverse functions; 
and (e) balancing discursive and practical aspects of the 
democratic movement (Pokharel et al. 2007). These cate¬ 
gories are useful in terms of assessing community forestry in 
other parts of the HKH, but the institutional and policy 
diversity across the region makes direct comparisons difficult. 

Empirical evidence suggests Nepal’s community forestry 
has been a success in terms of enhancing the flow of forest 
products, improving livelihood opportunities for 
forest-dependent people (Pokharel and Nurse 2004; Subedi 
2006; Chapagain and Banjade 2009), transforming institu¬ 
tions and social capital (Nightingale 2005, 2006; Bhattarai 
et al. 2009), and improving the ecological condition of for¬ 
ests (Gautam et al. 2002). The success of community for¬ 
estry in Nepal served as a major impetus for Bhutan, 
Myanmar, and Pakistan to initiate community forestry. 
However, the effectiveness of community forestry in these 
new contexts has been mixed, in part due to differences in 
the decentralized policies. 

Efforts at the decentralized management of other resour¬ 
ces also suffer from institutional diversity, overlaps with 
traditional systems, and lack of integration with the gov¬ 
ernment departments that control the same resource under 
centralized mechanisms. The Indian Himalaya have a wide 
range of local governance systems across forest, water, and 
rangelands, with marked differences between the eastern and 


western sections. They include van panchayats in Uttarak¬ 
hand and Himachal Pradesh, traditional forest management 
institutions in North East India, and joint forest management 
across India. These programmes have been only partially 
successful, and have been criticized in particular for failing 
to protect the rights of tribal groups. The Scheduled Tribes 
and Other Traditional Forest Dwellers (Recognition of For¬ 
est Rights) Act 2006 was introduced in an attempt to 
decentralize forest resources to these groups, but its imple¬ 
mentation has been resisted by government departments at 
various levels (Sarker 2011; Kumar et al. 2015). Since the 
1990s, several efforts have been made in the water man¬ 
agement sector in India, focusing on the role of local com¬ 
munities (Agarwal and Narain 2002). These efforts involve 
forming user groups called water users’ associations 
(WUAs) for irrigation systems in an attempt to ensure more 
effective distribution of limited irrigation water. 

Nepal has developed water governance mechanisms at 
the local level, but at the same time, the governance of 
watersheds and rivers is not systematic; moreover, it is 
managed mostly centrally. At the local level, most places 
have systems of kulos, or canals, for irrigation, and in some 
cases for drinking water, that are collectively dug and 
mutually maintained. In many places, kulo systems stretch 
for dozens of kilometres. Many of these systems are very 
old, while others are new innovations spurred on by devel¬ 
opment projects and government provision of drinking water 
systems. Kulos tend to have “invisible” management insti¬ 
tutions in that they lack formal written rules or regular 
meetings. Rather, they have established mechanisms for 
getting all user households to contribute labour for mainte¬ 
nance of the canals, and meetings only take place when 
conflicts arise or the system breaks down. 

In Pakistan, a decentralized local government system was 
introduced in 2001 and most of the provincial departments 
were handed over to local (district) governments. Forest 
departments, however, were among the few departments that 
were not devolved, even though participatory or joint forest 
management and social forestry had already been initiated in 
Khyber Pakhtunkhwa (KPK) (Shabaz et al. 2007). A study 
based in Baltistan and Kargil suggests that interventions by 
government and non-government agencies alter water-users’ 
institutional arrangements, and that such interventions should 
build on, rather than erode, existing arrangements (Hill 2014). 

In Myanmar, the Forest Department issued the Commu¬ 
nity Forestry Instructions (CFIs) in 1995 and has been 
encouraging the development of community forestry in 
collaboration with international donor organizations. 
According to the data for 2015 from the Forest Department 
Statistics Division (available at its website), a total of 2,023 
community forest user groups with 54,041 members have 
established 113,016 ha (279,268 acres) of community forest 
plantations. Although the Forest Department is trying to 
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revise the existing 1995 CFI in consultation with 
multi-stakeholders, the degree of devolution to local com¬ 
munities is limited. Decentralization was mandated by the 
2008 Constitution of Myanmar (GOM 2008), but has been 
met by challenges at both the local and central level. 
Myanmar is a highly centralized country with a history of 
subnational conflicts and relatively weak local institutions 
and communities, all of which has hampered the decentral¬ 
ization effort (Nixon et al. 2013). 

In Bangladesh, since the early 2000s, there has been an 
organized attempt toward the consolidation of decentralized 
“community-focused” governance, especially in the forest 
and wetlands sectors. These programmes have mainly been 
dispensed under the broad rubric of “co-management” tar¬ 
geting the country’s protected areas (PAs). The adoption of 
this co-management approach is seen as an attempt to influ¬ 
ence the governance process toward a transformation from 
the conventional custodian system to a more participatory 
management regime. While an encouraging trend, problems 
in implementation abound (Jashimuddin and Inoue 2012). 

16.3.3 The Insecurity of Local Resource Rights 
Despite Increasing Decentralization 

Resource rights and tenure have been identified as a critical 
aspect of decentralized natural resource management that is 
needed to ensure that users feel ownership in the long-term 
sustainability of their resources (Acharya et al. 2008; Paudel 
et al. 2009; Larson 2010, 2011; Larson et al. 2013). Yet 
regularizing property and tenure rights is never straightfor¬ 
ward. Decentralization often ignores traditional institutions 
and crafts new ones, leading to longer-term conflicts both 
within and between communities. At present, a variety of 
tenurial arrangements are evolving across the region with 
varying degrees of effectiveness. 

In Pakistan, forest management at the local institutional 
level is represented by the joint forest management com¬ 
mittees (JFMCs); while at the provincial level, the Forest 
Department of Khyber Pakhtunkhwa gives the power to 
divisional forest officers to assign state forest to a JFMC. 
The stated function of the JFMCs is to protect and manage 
their piece of forest. However, there is a huge gap between 
the de jure and de facto status. The de jure status of JFMCs 
is democratic, but many research studies have argued that 
most JFMCs have been created exclusively for timber har¬ 
vesting rather than forest management and/or protection 
(Shahbaz 2009). 

In China, there is a high degree of devolution underway, 
as power is shifted from the state to village collectives and 
individual ownership of forests (Xu 2010). However, despite 
a significant decentralization of forest rights, farmers feel that 
their property rights are still insecure (Qin et al. 2011). 


Likewise, the arrangements for payment for ecosystem ser¬ 
vices in China are notable for governance innovation in terms 
of public-private partnership, but confusion still persists 
about the role of the private sector (Zhen and Zhang 2011). 

In India, institutional arrangements for environmental 
services have often been made without an adequate under¬ 
standing of the local politics of negotiation, leading to a 
number of conflicts and institutional breakdown. In North 
East India, very few people within the local communities 
actually own the resources; thus, any new attempts at tenure 
reform encounter strong resistance. In western India, 
local-level water users’ associations (WUAs) were hijacked 
by the local elite, who were able to evade accountability 
because of their location in village networks (Narain 2003). 
Within the larger policy discourse on irrigation reform, 
WUAs came to be seen as some kind of panacea for the ills 
of the irrigation sector, but there was little effort to integrate 
these measures with other aspects of irrigation reform, such 
as pricing, cost recovery, or improvement in water supplies. 
Thus, WUA formation remained something of a piecemeal 
strategy carried out at the persuasion of donors and funders, 
with little reflection on what changes were being sought at 
the field level. 

In Pakistan, the conservation focus in decentralized forest 
management has led to only limited benefit for livelihoods 
from participatory forestry, partly because there is still lim¬ 
ited devolution of power and a failure to address pre-existing 
structures such as the traditional systems of riwaj and jirga, 
which exclude women and marginalized people (Shahbaz 
et al. 2011). 

16.3.4 Emerging Institutional Ambiguity 

in the Shift Toward Decentralization 

Despite the adoption by the HKH countries of a broad policy 
vision of decentralized environmental governance, the 
implementation of this policy is characterized by contradic¬ 
tions and lack of coherence, a situation which at times is akin 
to “giving with one hand while taking with the other” 
(Capistrano 2012: 210). The evidence shows that in practice, 
the decentralization processes across the HKH are not smooth 
as a result of many challenges, including deep-rooted cen¬ 
tralized governance, sub-national conflicts, and the limited 
capacity of local institutions (Nixon et al. 2013). 

In China, confusion over the direction of policy has led to 
either inappropriate policies or poor implementation of 
existing policies—as, for example, in the case of rangeland 
policy (Gongbuzeren et al. 2015). In Bhutan, central agen¬ 
cies continue to dominate control and allocation of natural 
resources. Provision of forest resources such as timber and 
sand for rural community needs are regulated by the 
Department of Forest and Park Services through its 
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divisional offices at the district level. Urban demands for 
timber and sand are regulated and rationed through the 
government-owned Natural Resource Development Corpo¬ 
ration Limited (NRDCL). In Myanmar, policy has shifted 
toward decentralization and devolution, but as in most pla¬ 
ces, government departments still compete in actual imple¬ 
mentation, undermining policy goals. For example, 
Section 17(a) of the National Constitution states that “the 
executive power of the Union is shared among the Pyi- 
daungsu, Regions, and States; Self-Administrative power 
shall be shared between Self-Administered Areas as pre¬ 
scribed by this Constitution”. In terms of forest resource 
management, the Community Forestry Institution (1995) 
allows localities to establish community forestry in areas 
adjacent to or currently relied on by the local communities. 
However, the Forest Department does not allow local com¬ 
munities to implement community forestry within protected 
areas, and it grants permission only in protected public 
forests and reserve forests. Thus, in terms of power sharing, 
local communities are not empowered to manage their forest 
resources, even though they were granted the right to forest 
tenure 30 years ago. 

In the highlands of Pakistan, forest departments were not 
decentralized during the 2001 decentralization reforms, 
although the district governments were given the mandate to 
take care of the interests of local communities who depend 
on forest resources for their livelihoods. These ambiguous 
lines of authority led to communication gaps and eventually 
poor interactions between the stakeholders in forest man¬ 
agement interventions (Shabaz et al. 2007; Watto et al. 
2010). 

In Nepal, there is continued confusion between the roles 
of communities and local government in the local-level 
governance of natural resources, as the Forest Act 1993 and 
Local Self Governance Act 1999 created authority overlaps 
among forest officers, local governments, and community 
groups. Six different regimes of decentralized and/or col¬ 
laborative governance have emerged, partly because of the 
need to accommodate the diverse and contested interests of 
communities, state agencies, and other players. Due to 
unclear laws and overlapping functions, the central govern¬ 
ment continues in its role of providing public services like 
health, education, and drinking water through its line agen¬ 
cies. Such functions overlap to a considerable extent 
between different levels of government and are ambiguous in 
terms of which level is responsible for regulation, financing, 
and implementation (Gautam and Pokhrel 2011). 

In Bhutan, there is a tendency to restrict legislative rights 
through bylaws or directives that undermine the original 
objectives of decentralized policies (Chhetri et al. 2009). For 
example, the Bhutan Observer reported research results in 
November 2012 which showed that contributions from 
community forestry account for only 0.3% of household 


income because of the restrictions on the use of forest 
resources. 

In Afghanistan, efforts to rehabilitate depleted watersheds 
are constrained by poor security, uncertain land tenure and 
use rights, limited local environmental management capacity 
and focus on agriculture to meet immediate local economic 
needs (Groninger 2012). Environmental management is 
embroiled in cultural, transnational, military, and develop¬ 
mental worldviews and institutions that leave little room for 
the perspectives of local people. 

16.3.5 The Potential and Limitations of Local 
Institutions in Confronting Social, 
Environmental, and Political Challenges 

Evaluating the outcomes of devolution is complicated by the 
kinds of diversity in policy and practice and the challenges 
outlined above. Nevertheless, several achievements can be 
identified which provide examples of good practice. 

Nepal’s community forestry has been particularly strong 
in attempting to address the well-known problems of elite 
capture and exclusion of women and marginalized people. In 
terms of gender and equity, many gains have been made. 
Innovative practices include the following (Acharya 2004; 
Hobley and Jha 2012): 

• Use of quotas on management boards and within orga¬ 
nizations and user groups to try to ensure the inclusion of 
socially marginalized people. In Nepal, as more widely in 
the HKH, this most often means quotas for women, 
Dalits, and indigenous people. While these provisions 
may not safeguard the rights of marginalized people, they 
do provide legal and normative grounds for such people 
to demand a greater stake in decision-making processes. 

• The promotion of marginalized community members into 
leadership roles within organizations. This is sometimes 
done by quotas and sometimes promoted by donors as a 
desirable practice. We see more of this practice within 
community-level institutions than at other levels. 

• The formation of community-level management groups 
that are restricted to women or Dalit or indigenous 
members. These groups are intended to help overcome 
some of the broad discrimination that all members of 
these groups feel. Groups composed of marginalized 
people often find it difficult to retain control over their 
resources, however, and face greater challenges in 
negotiating with powerful government actors (Nightin¬ 
gale 2006). 

Alongside these optimistic trends, growing evidence 
indicates that the success of Nepal community forestry is 
mixed in terms of both livelihoods (Malla 2000, 2001; 
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Acharya 2002, 2004; Thoms 2008; Shrestha 2016) and 
ecological systems (Acharya 2004). Multiple processes are 
shaping these issues: agricultural intensification in localities 
close to urban areas (Raut et al. 2010), increased market 
demand for timber and forest products without effective 
evolution of local institutions (Pandit and Thapa 2004), 
outmigration, and climate change. Indeed, community for¬ 
estry is not free from issues related to distributional injustice, 
recentralization, and ineffective use of forest resources under 
community management (Ojha 2006; Thoms 2008; Shrestha 
2012; Nightingale 2016). In particular, local-level institutions 
face challenges related to elite capture and what we might call 
“participatory exclusion”, whereby marginalized people 
might be given a place within a group and even a voice, but in 
practice they are unable to influence group decisions 
(Nightingale 2005, 2006; Ojha 2006; Shrestha 2012). 

In other parts of the HKH, similar attempts have been 
made to address social inequalities and tenure insecurity for 
marginalized people, again with mixed results. The 
achievements of the community forestry programmes in 
Bangladesh over the past three decades include efforts to 
include women and disadvantaged groups, reforestation on 
marginal lands, and improvements to degraded forest and 
community lands (Jashimuddin and Inoue 2012). Recent 
research suggests that (1) despite its limitations, 
co-management as a concept has gradually taken root in 
Bangladesh; (2) the degree and level of active community 
participation remains low and limited, and there is a clear 
weakness in orienting local communities to the key legal and 
policy issues related to protected area governance in the 
country; (3) the key drivers of success in co-management are 
poverty alleviation through livelihood creation, capacity 
building, equity in benefit sharing, recognition of tenure 
rights, and shared governance that involves the devolution of 
power to transparent participatory local institutions; and 
(4) in many instances, local site-specific needs and demands 
have not been adequately addressed. 

In Myanmar, the establishment of community forests 
supports a wide range of benefits for local communities in 
terms of their basic needs (poles/posts, fuelwood, other 
non-timber forest products) and ecosystem services (recre¬ 
ation, mitigating climate change, conserving natural water 
springs for drinking water and other uses), as well as 
developing social capital at the community level (Tint et al. 
2011). The Forest Law 1992 (GOM 1992), Forest Policy 
1995 (GOM 1995a), and CFI 1995 (GOM 1995b) barely 
recognize gender and equity issues in managing and utilizing 
natural resources, and the policy emphasis is still on 
revenue/economic benefit and managing environmental 
sustainability. More recently, however, the Land Use Policy 
(2016) has recognized the rights and benefits of local com¬ 
munities, particularly for women, marginalized people, and 
ethnic minorities. 


Analysis of the forests of Himachal Pradesh suggests that 
the tension represented by the co-governance management 
regime contrasted with the indigenous system is associated 
with a worsening condition of the forests (Agrawal and 
Chhatre 2006). 

Overall, despite its challenges, decentralization has 
helped to legitimize local-level institutions across the HKH, 
both nationally and internationally. The formal processes of 
decentralizing environmental resource management are 
underpinned by changes in the constitutional, legal, policy, 
and procedural arrangements in all the countries. However, 
decentralization faces many challenges in terms of accep¬ 
tance at different levels of governance within countries and 
the ability of established institutions to confront social, 
environmental, and political change. 

In recent years, pre-existing (“traditional”) institutions 
have either been replaced or modified through the intro¬ 
duction of formal institutions. For example, in Afghanistan, 
despite strong community-based arrangements, attempts 
have been made by national and international organizations 
to modernize the irrigation system using centralized 
approaches. While the indigenous technology did not allow 
the measurement of water consumption, the 
externally-funded projects for modernization of water man¬ 
agement which can do that are seen as potentially violating 
the local water governance systems and causing conflict 
(Wegerich 2009). In northern China, participatory water 
users’ associations (WUAs) are replacing traditional irriga¬ 
tion water management systems in order to promote eco¬ 
nomically and ecologically beneficial water management 
options (Zhang et al. 2013). In Bhutan, the enactment of 
forest laws has led to nationalization of forests and loss of 
traditional rights over forest, resulting in diminished incen¬ 
tives to protect (Dorji et al. 2006) and non-compliant 
behavior at the local level (Webb and Dorji 2007). The 
shifting (devolution) of roles from formal to informal insti¬ 
tutions is best exemplified in the forestry sector in Nepal. 
Forest policy and regulations related to community forestry 
allow the government to hand over the whole or parts of a 
national forest area to the local community (see Box 16.3). 

Studies show that traditional institutions have been cru¬ 
cial in resource conservation and local livelihoods, but 
problems of inequity and elite domination also abound. In 
many parts of Khyber Pakhtunkhwa in northwestern Pak¬ 
istan, decisions regarding access to forest resources and 
other socioeconomic aspects are rooted in sociocultural 
mechanisms called riwaj or customary law and jirga 
(assembly of tribal elders) (Rome 2005). These institutions 
have been criticized by civil society groups for failing to 
safeguard the rights of women and other marginalized 
community members (Shahbaz and Ali 2003). In Nepal, 
in situations where the formal mandate for newly decen¬ 
tralized institutions has lapsed, local elites tend to fill the 
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vacuum of control, most often to the detriment of the rights 
of women and marginalized resource users (Nightingale 
2006; Nightingale and Sharma 2014). It is therefore crucial 
that both the potential and the limitations of local-level 
institutions are considered when promoting various forms of 
decentralization. 


16.4 Regional Cooperation Is Key 
for Environmental Governance 
in the HKH 

Regional or transnational cooperation has emerged as a key 
form of global environmental governance, as opportunities 
for international cooperation and transboundary environ¬ 
mental management expand rapidly. Although the Himalaya 
is probably one of the most politically complex and eco¬ 
logically fragile regions in the world (Ives 2012), it is also an 
example of the potential for provision of a range of envi¬ 
ronmental systems and services (Grumbine and Pandit 2013; 
Blaikie and Muldavin 2004). With the rise of the Chinese 
and Indian economies—located to the north and south of the 
mountain chain—the region has also become a geopolitical 
and political economic centre of global importance (Wirsing 
2013; Zhang 2016), simultaneously posing both ecological 
and political opportunities and challenges (Goldstein et al. 
2006). The increasing level of upstream-downstream inter¬ 
relationships, such as those pertaining to transboundary 
water systems, also demands greater international coopera¬ 
tion in the region. As a result, achieving sustainable natural 
resource management in the HKH will require a reasonable 
degree of cooperation among national governments and 
communities across borders (Karki and Gurung 2012), as 
well as large-scale investments for prosperity in the future 
(Chap. 4). The need for regional collaboration is most 
vividly demonstrated by the case of water management. 

Water “ignores political boundaries, fluctuates in both 
space and time, and has multiple and conflicting demands on 
its use”, and its international law is poorly developed, con¬ 
tradictory, and unenforceable (Wolf and Hamner 2000: 123). 
With ten river systems flowing across the boundaries of the 
HKH, bilateral and multilateral treaties and agreements for the 
allocation and distribution of water will be indispensable in 
governing the ecosystems at a regional scale. Several such 
agreements have been signed over the past five decades 
(Table 16.2). Some bilateral programmes (for example, the 
Koshi River Watershed Management Programme between 
Nepal and India) have been implemented since the 1980s and 
1990s with the aim of regulating the water supply and mini¬ 
mizing flooding. Afghanistan and Pakistan are in the process 
of reaching a similar water-sharing agreement for the Kunar 
River in the Kabul Basin (Vick 2014). Others, such as the 
Koshi River Agreement, the Gandak River Water Sharing 


Agreement, and the Mahakali River Agreement between 
Nepal and India (Uprety and Salman 2011), the Ganges Water 
Treaty between India and Bangladesh (Brichieri-Colombi and 
Bradnock 2003), and the Indus River Water Treaty between 
India and Pakistan (Sahni 2006) aim primarily at ensuring the 
generation and sharing of power, and are often considered to 
lack fair, comprehensive, and equitable arrangements for 
resource use and allocation (Mustafa 2010; Uprety and Sal¬ 
man 2011; Butler 2016). Formal cooperation between China 
and India on transboundary water management remains lim¬ 
ited (Rahaman and Vans 2009). 

16.4.1 The Emerging Emphasis 

on Transboundary Cooperation 
for Regional Wellbeing 

The practices of cooperation among the HKH countries are 
being driven increasingly by economic interests or political 
bargaining. The economic interests of the larger economies 
are competing for the extraction of natural resources, at 
times leading to a deterioration in the livelihoods and eco¬ 
logical integrity of smaller countries and communities. For 
example, upstream communities are being displaced in the 
process of construction of large-scale river dams to serve 
downstream populations (Blaikie and Muldavin 2004). The 
cross-border power trade has been growing and is one of the 
main contested issues, especially from the perspective of 
smaller countries (Crow and Singh 2000; Rest 2012). India 
has established the power trading companies specifically to 
develop and trade hydropower in the region (Karki and 
Vaidhya 2009). However, power trading agreements are not 
promoted through regional cooperation; rather, they are dealt 
with primarily at the bilateral level. The rationale is that the 
huge energy market in India can provide a source of income 
to countries such as Nepal and Bhutan and eventually pro¬ 
mote environmental and conservation efforts (Biswas 2011). 
In most cases of transboundary cooperation, however, the 
regional economic powers such as China and India are often 
unable to reach agreements with the smaller countries 
(which in fact hold the larger section of the HKH) that 
consider the wider social, cultural, and environmental 
interests of the smaller countries and the upstream commu¬ 
nities (Blaikie and Muldavin 2004; Mustafa 2010). 

Subnational-level collaborations along the borders are 
becoming effective, especially in dealing with issues related 
to transborder wildlife movements, grazing management, 
soil and water management, and maintaining ecological hot 
spots along the transboundary rivers. Even though these 
practices are ad hoc and irregular, they are a good example 
of how transboundary natural resource management could 
be implemented by mobilizing local authorities and subna¬ 
tional landscapes. These practices are common in areas with 
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Table 16.2 Transboundary rivers in the HKH and related water treaties 


Transboundary river 
(Riparian countries) 

Treaties, agreements, and 
institutions 

Nature of water sharing and use 
as per treaty 

Outcomes 

Mahakali [1] 

(Nepal and India) 

1996 Treaty of Mahakali 

Guided by principles of 
equality, mutual benefit, and no 
harm to either party; equal 
number of representatives from 
both parties; equal partnership 
to define obligations and 
corresponding rights and duties 
regarding water use, water 
distribution, hydroelectricity, 
irrigation, and flood control 

Arbitration tribunal dedicated to 
resolving differences arising 
under the Treaty; equal 
representation of national 
arbitrators with a third neutral 
arbitrator presiding over the 
tribunal (as written in Treaty 
agreement); provision for 
planning, surveying, 
development, and operation of 
any work on the tributaries of 
the Mahakali river to be carried 
out independently by either 
party in its own territory 

Mahakali River Commission 

Koshi [2] 

(Nepal and India) 

The 1954 Agreement on the 

Koshi Project (revised in 1996) 

Flood control; irrigation; 
generation of hydroelectricity 
and prevention of erosion in 

Nepal areas on the right side of 
the river, upstream of the 
barrage; surveys and 
investigations necessary for 
proper design, construction, 
and maintenance of the barrage 
and connected works; 
navigation and fishing rights 
reserved by Nepal 

Disputes or differences resolved 
through arbitration in which 
arbitrators are nominated from 
each side within 90 days of 
delivery of notice of dispute 
arising from either party, and 
the arbitrators’ decision is 
binding; if the arbitrators 
disagree, both parties appoint 
an umpire whose decision is 
final and binding 

Indo-Nepal Koshi Project 
Commission acting as the 
coordination committee for the 
Koshi Project 

Gandaki [3] 

(Nepal and India) 

Gandak River Treaty of 1959 
followed by the Agreement of 
Gandak Irrigation and Power 
Project 1975 

Irrigation and hydropower 
development in both countries; 
investigation and surveys; 
communication 

No assessments yet 

Teesta and other water 
resources [4] 

(Bangladesh and India) 

Indo-Bangladesh Treaty of 
Friendship, Cooperation, and 

Peace; 25-year treaty signed in 
1972; also known as 

Indira-Mujib Treaty 

JRC addresses issues related to 
sharing water of common 
rivers; transmission of 
flood-related data from India to 
Bangladesh; construction and 
repair of embankment and bank 
protection work along 
common/border rivers 

The Indo-Bangladesh Treaty of 
1972 was not renewed in 1997, 
as both riparian countries 
declined renegotiation; India’s 
role was seen as excessively 
imposing and Bangladesh’s 
share was deemed unequal; 
disputes over water resources at 
Farakka Barrage, and India’s 
perceived delay in withdrawing 
troops added to the contention; 
other political externalities 

The Joint Rivers Commission 
(JRC) of 1972 established by 
the Government of Bangladesh, 
Ministry of Water Resources 

Ganga-Brahmaputra-Meghna 

[5] 

(Bhutan and India) 

Chukka Project of circa 1980, 
based solely on generating 
hydropower from the Wanchu 
Cascade at Chukka 

No assessments yet 

Project deemed highly 
successful; covered its cost by 
1993 and increased capacity to 
370 MW; provided impetus for 
Bhutan’s industrialization and 
commercial development; 

Bhutan moved from country 
with the lowest per capita 
income in South Asia during 
the 1960s to the highest in the 
Ganga-Brahmaputra-Meghna 
region (includes Bangladesh, 
Bhutan, India, Nepal, and 
Pakistan), with foreseeable 
stipulated earnings of more than 
USD 100 million per annum 
with similar hydropower 
projects Kuri Chu, Chukka II, 
and Chukka III by 2015 


(continued) 
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Table 16.2 (continued) 


Transboundary river 
(Riparian countries) 

Treaties, agreements, and 
institutions 

Nature of water sharing and use 
as per treaty 

Outcomes 

Brahmaputra/Yalu Zangbu [6] 
(China and India) 

MOU on hydrological data 
sharing on the 

Brahmaputra/Yalu Zangbu 

River signed in 2001, renewed 
in 2008 and 2013 

Data and information sharing 
on water level, discharge, and 
rainfall every year 

No assessments yet 

Sutlej/Langquin Zangbu [7] 

(China and India) 

No treaty as such; China agreed 
to provide hydrological 
information 

Information for flood control, 
data sharing, and transmission 

No assessments yet 

Indo-China river-basins [8] 

(China and India) 

Expert-level mechanism 
formed in 2006 in which expert 
group, made up of 
representatives from both sides, 
discusses interaction and 
cooperation on provision of 
flood season hydrological data, 
emergency management, and 
other issues on an annual basis 

Data sharing for flood control, 
emergency management, and 
other issues 

No assessments yet 

Indus [9] 

(India and Pakistan; 

Afghanistan and China are 
upper riparian but not 
members) 

Indus Treaty of 1960 

Pakistan claimed historical 
rights and “equitable 
apportionment” and India 
claimed prior use and 
preservation of status quo 

Disputes over how water will 
be utilized and allocated were 
later resolved through the 

World Bank’s involvement as a 
mediator and arbitrator 
financier of the partition 
projects, which meant that the 
final treaty was planned and 
formulated by the Bank; 
involvement of only a few 
riparian countries may have led 
to a less effective alliance; only 
treaty of its kind to arise 
post-partition in the Indian 
subcontinent; the partition of 
the Indus happened after 
attempts at basin-wide 
development and planning 
failed; the treaty is still 
considered a sub-optimal 
solution to the management of 
the Indus 

Mekong [10] 

(Thailand, Laos, Viet Nam, 
Cambodia, China, Myanmar) 

The Mekong Committee 
(MC) established in 1957; in 

1995 the Mekong River 
Commission (MRC) was 
developed 

Hydropower, flood control, 
fishing, irrigation, navigation, 
and water supply 

Dam building a threat to lower 
riparian countries; growing 
conflict between upper and 
lower riparian; legal and 
political differences and 
complexities in 

implementation; involvement of 
only a few riparian countries 
led to a less effective alliance 




Data collection; coordination; 
training programmes; planning 
studies; management of water 
for developmental uses; 
ministerial-level reach in the 
Commission for political 
influence 


Source Shrestha, A. and Ghate, R., 2016 

[1] Stiftung (2001); [2, 3] GON (1975); [4, 9] Kliot et al. (2001); [5] Biswas (2011); [6-8] Cumming (2011); [10] Guttman (2003) 
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open and semi-open border controls, such as those between 
Nepal and India, Nepal and China, Bhutan and India, and 
Bangladesh and India. 

In recent years, donor-funded transboundary projects have 
become a new category of regional-level collaboration for the 
management of natural resources and ecological systems in 
the HKH. For example, the International Centre for Inte¬ 
grated Mountain Development (ICIMOD) is facilitating the 
Kailash Sacred Landscape Conservation and Development 
Initiative (KSLCDI) as a collaborative effort between China, 
India, and Nepal, with financial support from the German 
Federal Ministry for Economic Cooperation and Develop¬ 
ment (BMZ) and the United Kingdom Department for 
International Development (DFID). The Initiative is a col¬ 
laborative programme for transboundary cooperation and 
ecosystem management across a culturally and ecologically 
important landscape within the three countries. ICIMOD has 
planned or is implementing a number of other transboundary 
landscape and trans-Himalayan transect programmes in the 
HKH, including in the Mt. Everest region (Sherpa et al. 
2003), the Hkakabo Razi Complex (Guangwei 2002), and the 
Kanchenjunga Landscape (Chettri et al. 2008), which have 
shown that regional cooperation for biodiversity conservation 
and management is both feasible and necessary (Chhetri et al. 
2009; Schild and Sharma 2011). 

These donor-initiated collaborative programmes have 
developed useful methodologies for transboundary gover¬ 
nance of a particular landscape, promoted operational-level 
networks, and provided opportunities for regional-level 
policy discussions. However, there is a long way to go in 
crafting a systematic and comprehensive framework so that 
the countries in the HKH can collaborate and implement 
regional-level activities that collectively promote the 
Himalayas as a sustainable eco-region. 

Trans-community collaborations based on informal 
understanding, historic cultural ties, traditional trade prac¬ 
tices, mutual cattle herding systems, and watershed con¬ 
nectivity are common. They are based on organic 
transboundary mechanisms for governing natural resources 
at the local level. For example, communities across the 
border between Nepal and China, Nepal and India, and 
Bhutan and India have collaborated historically on pasture 
land management, promotion of forest diversity, regulation 
of wells for water, religious protection of ecological land¬ 
scapes, and mutual development of livelihood opportunities 
(Ning et al. 2013, 2016). Chapter 5 elaborates why coop¬ 
eration among regional member countries is essential for 
dealing with cross-border wildlife trade and human-wildlife 
conflict. These historical and indigenous trans-community 
practices can provide a basis for a larger eco-Himalaya-level 
collaboration and regional policy framework that ensures 
community participation and addresses both livelihoods and 
national-level economic interests. 


Developing vertical and horizontal linkages and collab¬ 
oration among intergovernmental, national, and local insti¬ 
tutions is essential in fostering transboundary partnerships 
and cooperation. The existing regional-level institutions 
have generated some ecological knowledge and 
project-based partnerships. However, one of the main rea¬ 
sons for the lack of positive environmental outcomes has 
been that the focus of intergovernmental initiatives and 
bilateral treaties has been on economic interests and prof¬ 
itability rather than social and environmental wellbeing at a 
regional scale. To quote from Pasakhala et al. (2017), “in the 
HKH, classical transboundary cooperation will grow 
organically, triggered by common management objectives 
and common livelihoods opportunities, to constructively 
forge conservation and development across scales, for 
instance, common value chains and common branding of 
products, responsible and cultural heritage tourism.” 

16.4.2 The Growing Need for Formal 
Frameworks as a Foundation 
for Regional Cooperation 

While transboundary landscape management initiatives are 
emerging and the age-old practices of trans-community col¬ 
laboration at the community level are advancing, these col¬ 
laborations are not directly endorsed or informed by formal 
treaties between the participating nations, and the small-scale 
transboundary activities are not strongly linked to the larger 
processes of cooperation emerging at the regional level. One 
of the more important regional collaborative platforms with 
potential for improving collaborative governance of natural 
resources is the South Asian Association for Regional 
Cooperation (SAARC). SAARC has identified environmen¬ 
tal restoration, disaster risk reduction, and climate change as 
priority areas for regional cooperation, and the SAARC 
countries have collectively agreed that sustainable develop¬ 
ment and environmental management are the most significant 
issues in the region (Dorji 2007; Wyes and Lewandowski 
2012). The SAARC Development Goals include conserva¬ 
tion of land, forest, biodiversity, and water resources; 
reduction of natural disasters; and climate change mitigation 
and adaptation (Wyes and Lewandowski 2012). Other net¬ 
works like Bhutan, Bangladesh, India, and Nepal (BBIN) and 
The Bay of Bengal Initiative for Multi-Sectoral Technical 
and Economic Cooperation (BIMSTEC), which includes 
Bangladesh, India, Myanmar, Sri Lanka, Thailand, Bhutan, 
and Nepal, may not provide viable institutional modalities, as 
these are mainly driven by regional geopolitical interests and 
exclude China and Pakistan, for example. Similarly, net¬ 
works that support on-the-ground institutional mechanisms 
for natural resource governance, like the South Asia Wildlife 
Enforcement Network (SAWEN) and South Asia Watch on 
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Trade, Economics, and Environment (SAWTEE), have a 
specific but limited agenda. What is needed for a sustainable 
HKH is a platform shared by all eight countries as an 
eco-region and at that scale. 

The SAARC Comprehensive Framework on Disaster 
Management and Disaster Prevention is another initiative on 
regional-level collaborative governance. The SAARC Centre 
for Disaster Management and Preparedness, SAARC Coastal 
Zone Management Centre, and SAARC Meteorological 
Research Centre are some examples that can provide 
instruction on how regional institutional mechanisms could be 
established for natural resource management. However, 
notwithstanding the enormous potential, SAARC has 
remained a weak and ineffective regional body and has not 
been able to develop trust and mutual understanding on 
landscape-level collaboration and governance. The 
non-binding nature of SAARC-level agreements, lack of trust 
among the member countries, and growing geopolitical ten¬ 
sion in the region have all turned this regional institution into a 
formality rather than a commitment for regional collaboration 
(Tiwari and Joshi 2015). 

Scholars argue that the lack of horizontal and vertical 
linkages among diverse institutions and actors is hindering 
efforts towards collaborative natural resource governance in 
the HKH (Kohler et al. 2012). There is still a lack of serious 
recognition by the national-level actors of the need for 
regional-level cooperation on natural resource governance 
(Tiwari and Joshi 2015). Efforts from intergovernmental 
institutions such as SAARC and ICIMOD are non-binding 
and have been found insufficient to truly generate concrete 
collaborative commitments and programmes (Wyes and 
Lewandowski 2012). The potential for horizontal linkages 
among regional institutions such as ICIMOD and SAARC 
remains underutilized, as the processes are driven by dif¬ 
ferent actors, use approaches that are either too informal or 
too rigid, or remain limited to academic debates without 
engaging the national decision makers. 

16.4.3 The Emergence of Knowledge-Sharing 
Platforms to Facilitate Regional 
Cooperation 

HKH countries have varied and extremely rich experiences 
in relation to environmental management, often with a 
potential for sharing and adoption across borders. However, 
existing practices remain isolated inside individual countries 
and are not much shared across the region (Tiwari and Joshi 
2015). Community-level institutions such as community 
forestry in Nepal (Ojha 2014; Paudel 2016) and joint forest 
management in India (Bhattacharya et al. 2010) have been 
effective as bottom-up institutions in promoting social and 
ecological wellbeing. They present an opportunity for 


communities, local governments, small businesses, and 
policy makers to learn through comparative and 
cross-sharing of experience and learning. Policy makers 
could also learn how local practices can inform national 
policy development processes. 

Developing trans-community collaboration among local 
actors and fostering vertical linkages between the regional 
HKH-level and the local practices of resource governance 
across multiple HKH countries could provide an opportunity 
for multi-scalar governance of the HKH as a comprehensive 
eco-region (see next section for a more detailed discussion of 
multi-scalar governance). However, such linkages are cur¬ 
rently confined to national-level actors and have varying 
degrees of effectiveness, while linkages within countries still 
tend to be top-down (Malla 2000; Ojha 2014). There is a 
tremendous opportunity for recognition and encouragement 
of knowledge-sharing platforms at a regional level to pool 
insights and experience from across the region. 

The various processes and mechanisms related to 
knowledge-sharing at the regional level provide important 
insights into how such sharing can be strengthened. The 
work of ICIMOD demonstrates the case for an intergov¬ 
ernmental mechanism to implement transboundary action 
research projects and generate and share knowledge among 
both state and non-state actors in the region. However, 
regional processes led by civil society tend to be confined to 
the South Asian belt of the Himalaya, mainly Bangladesh, 
India, and Nepal. The civil society interface between China 
and South Asia remains limited (Blaikie and Muldavin 
2004). 

Given the ecological complexity and political sensitivities 
of regional environmental governance, it is important to 
envision multiple pathways and approaches for regional 
knowledge-sharing and policy engagement platforms. Such 
platforms could be helpful not only in shaping common 
policy agendas, but also in fostering regional exchange for 
the development and implementation of common method¬ 
ologies at the landscape level. Systematic documentation 
and sharing of local-level good practices—such as those 
related to watershed management, poverty reduction, and 
community-based environmental management and climate 
change adaptation—would greatly enrich the regional 
knowledge-sharing platform and help in crafting a 
regional-level collaborative mechanism. 

16.4.4 Emerging Mechanisms for Managing 
Conflicts and Equitably Distributing 
Benefits 

The issue of upstream and downstream relationships for the 
allocation of resources, especially of water and responsibility 
for managing the watershed, is challenging, and the future 
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possibility of collaboration, especially along the Himalayan 
rivers, will depend on how the distributional issue is 
resolved in the region. Power imbalances among the par¬ 
ticipating countries and the domination of bigger economies 
in extracting natural resources have historically been a bar¬ 
rier to identifying just and fair institutional mechanisms. 
Smaller economies, which are primarily dependent on sub¬ 
sistence relationships with natural resources, are in conflict 
with the dominant political and economic interests in the 
HKH. Disputes and contentions over transboundary water 
management and allocations persist (Uprety and Salman 
2011 ). 

Studies at multiple levels have shown that there is an 
urgent need for a shared framework and understanding on 
natural resources governance at the regional scale, supported 
by appropriate institutions (Blaikie and Muldavin 2004; 
Tiwari and Joshi 2015). These institutions could include 
(1) special provisions for mountain regions—especially in 
countries such as China, India, and Pakistan, where moun¬ 
tains are not the focus of policy processes, and (2) mecha¬ 
nisms and processes for collaboration through which the 
interests and priorities of the smaller HKH countries, which 
are caught between larger geopolitical interests, could be 
protected to facilitate the fair distribution of the costs and 
benefits of regional transboundary resource management. 

Institutional innovations, an eco-regional development 
framework, and ecological connectivity across national 
borders are paramount for ensuring the sustainable future of 
the HKH. Indeed, a range of institutions for transboundary 
collaboration has emerged in recent years (Tiwari and Joshi 
2015). Included among existing institutions are the age-old 
practices of transboundary community cooperation in natural 
resource management, such as communities involved in 
cross-border herding along the mountain frontiers of China, 
India, and Nepal (Sharma and Chettri 2005). However, there 
is still no robust regional framework for collaborative 
resource management among the HKH countries (Tiwari and 
Joshi 2015), and current practices of regional cooperation 
are not driven by the goal of enhancing ecological integrity 
or long-term social wellbeing (Bawa et al. 2010). With two 
of the major economies—China and India—located on the 
two sides of the Himalayan range, there is an immense 
possibility for regional cooperation to help “mitigate climate 
change, environmental damage, and biodiversity loss both 
regionally and globally” (ibid.). 

The existing regional governance and collaboration 
efforts are based mainly on geopolitical and political eco¬ 
nomic interests rather than conservation and social interests. 
In developing the Himalaya as an eco-region, beyond the 
political boundaries, the role and involvement of Chinese 
institutions and communities will be decisive. Half of the 
HKH eco-region lies within China, but the role of China in 
the region remains limited to natural resource trade and a 


few donor-designed conservation projects. Common 
resource management in the current situation of geopolitical 
tension and political and economic competition remains 
uncertain, and there are no substantial efforts underway to 
generate political will at the national and intergovernmental 
levels. The future for regional governance of natural 
resource management in the region will depend to a large 
extent on whether innovative institutional arrangements 
emerge to facilitate intergovernmental dialogue, common 
policy initiatives, and collaborative transborder community 
practices beyond the state of conflict, as demonstrated in 
various forms of transboundary water interactions (Sahni 
2006). The pathway to prosperity in the region, as elaborated 
in Chap. 4, Scenarios, is through large-scale investments and 
regional cooperation across multiple scales. 


16.5 The Need for Strengthening 

Cross-Scalar Interfaces and Adaptive 
Governance 

With greater recognition of the HKH’s complex geograph¬ 
ical and political environment, diverse social systems, and 
upstream-downstream interconnectedness, attention should 
be paid to strengthening linkages among institutions across 
scales, building an effective interface among the various 
knowledge-based systems (Weiss et al. 2012), and creating 
new bridging institutions for transformative governance 
(Huitema et al. 2009). Given the wider concerns about 
environmental resilience and social equity outcomes, there is 
a growing consensus in the scientific community, which 
manifests in the environmental governance literature, on two 
processes identified as crucial. First is the need to embrace 
an adaptive approach to environmental governance (Cooper 
and Wheeler 2015), and second is the need to ensure an 
inclusive participatory process in decision making and 
benefit sharing (Blaikie and Sadeque 2000; Saravanan 2009; 
Ojha and Hall 2013). These requirements indicate the 
desirability of a multi-level governance approach, as this 
approach underscores four underlying principles of adaptive 
governance: management on a bioregional scale, poly centric 
governance, public participation, and experimentation 
(Huitema et al. 2009). To support these processes, a complex 
combination is required of “openness of practices, active 
involvement of key actors, strong but inclusive leadership, 
and a knowledge-based hybrid multi-level network com¬ 
bining horizontal and vertical network governance” 
(Naustdalslid 2015: 913). 

Scholarly research on multi-scalar governance in the 
context of the developing world found it “too underdeveloped 
to make any serious evaluation” (Stephenson 2013: 830). 
Research in global governance supports the idea that cen¬ 
tralized governments must give way to co-management that 
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opens up different levels of control and governance 
(Pahl-Wostl et al. 2008) and helps tackle issues related to 
uncertainties and the persistent lack of communication among 
environmental stakeholders (Weiss et al. 2012). Furthermore, 
the interactions between policy-making arrangements (Piat- 
toni 2015) and institutions at multiple levels and scales are 
continuously shaping both development and governance 
outcomes (Cash et al. 2006). This means that achieving more 
politically and ecologically sustainable solutions to problems 
requires addressing scale issues and creating dynamic link¬ 
ages across levels (Cash et al. 2006; Piattoni 2015). 
Multi-level governance involves vital linkages connecting 
mutually dependent governance levels with cross-scalar 
processes of policy making, planning, and implementation 
activities (Stephenson 2013), and is also seen as a form of 
polycentric governance involving co-management (Ander- 
sson and Ostrom 2008). Such framing of governance helps to 
understand how, where, and for whom governance decisions 
affecting sustainable development are made (Wilbanks 2007) 
and how they can be improved. 

Below, we examine the key aspects of current multilevel 
and cross-scalar governance, both worldwide and in the 
HKH, and further explore why multilevel governance is 
crucial for the region. 

16.5.1 Emerging Mechanisms for Managing 
Conflicts and Equitably Distributing 
Benefits 

While in some environmental sectors, institutional gover¬ 
nance is lacking, others are marred by excessive or overly 
complex institutional arrangements. Our analysis revealed a 
disconnect in all the HKH countries between policies and 
institutions for forest, rangeland, and water (see Sects. 16.3 
and 16.4). The issue of institutional fragmentation is not 
new; the persistent failure to ensure coordination and build 
linkages and synergies among the wide range of environ¬ 
mental institutions is widespread in the HKH. The challenge 
is further compounded by the fact that, historically, the 
environmental sector in the region has been organized under 
separate knowledge disciplines, and institutions have mostly 
evolved across resource sectors as a result of organization 
according to discipline and sectoral divisions. Accordingly, a 
number of resource specific institutions have emerged in 
various sub-sectors of the environment, including forest, 
rangeland, and water, across the community, public, and 
private domains. 

There are reported cases of institutions in each sector 
operating mostly in silos, often in contradiction to one 
another, as the mechanisms and strategies for integration and 
coordination remain weak. There is also a lack of effective 
institutions for resource management. This is exemplified in 


the HKH by upstream-downstream river basin management 
(Shrestha et al. 2013). The lack of such institutions is now 
felt, as there is a vacuum in catering to the various man¬ 
agement needs which arise in different parts of these basins. 
Meeting these needs requires local and national governments 
to co-manage cross-border water resources (Pigram 2000; 
Moellenkamp 2007), but the formal institutional settings, 
policies, and research in the HKH are far too limited for this. 
Further, cross-border river basins place national and regional 
governance in juxtaposition with local-level governance, 
necessitating more integration (Molle 2009; Pahl-Wostl et al. 
2008). 

16.5.2 The Imbalance Between Vertical 

and Horizontal Distribution Under 
Multilevel Governance 

There is an asymmetrical distribution of power and authority 
across different levels (as well as domains) of governance, as 
the central governments in all eight HKH countries play the 
primary role of formulating policies and enacting laws 
without necessarily engaging the stakeholders in lower 
levels of governance. The currently dominant normative 
paradigm of governance emphasizes the state as the legiti¬ 
mate site of authority; unless this authority is delegated or 
enacted through polycentric institutions, there is a tendency 
to overlook the importance of decision making at lower 
scales of governance. At present, however, both local and 
national jurisdictions are difficult to exercise, as local- and 
national-level environmental challenges become increas¬ 
ingly intertwined (Rosenau et al. 2004). 

While the strengthened role of central and 
subnational-level authorities has made it possible for gov¬ 
ernments to adapt policies and practices to suit their own 
context and priorities (Jorgensen et al. 2015), central-level 
policymaking and implementation have largely occurred in 
isolation from, or in contradiction to, both supranational and 
local levels. State-centred governments are known to prior¬ 
itize large-scale infrastructure, have vested political and 
financial interests, ignore local processes and hydrological 
interconnectedness, and neglect environmental degradation 
(Molle and Mamanpoush 2012). For example, the gover¬ 
nance of water resources in Bangladesh is biased toward 
structural solutions of flood control and irrigation using a 
centralized approach that ignores the many other uses of 
water, such as drinking and sanitation, fisheries, navigation, 
and ecology (Chowdhury and Rasul 2011: 44). 

Research has shown that addressing the complex prob¬ 
lems of the environment requires a mix of institutions and 
designs that facilitate experimentation, learning, and change 
(Dietz et al. 2003). This entails a governance structure based 
on collaboration, which occurs when different government 
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bodies work together with non-governmental stakeholders 
and interest groups to manage issues that cross jurisdictional 
boundaries and fall into different natural resource manage¬ 
ment policy sectors (Huitema et al. 2009). Multilevel 
bioregional approaches to water management have been 
institutionalized in the EU’s Water Framework Directive 
(WFD). Research suggests that the concept of multilevel 
governance could be useful in cultural contexts outside the 
EU, if it takes indigenous governance concepts and ideas of 
scale into account and maps power relations in the making 
and implementation of policies (Hensengerth 2015). 

The HKH countries have yet to capitalize on the oppor¬ 
tunities created by the proliferation of stakeholders in envi¬ 
ronmental governance, and in the worst cases, the 
centralized and state-centric systems continue to function 
alongside the novel arrangements. The perils of a strong 
centralized system are exemplified in the institutional set¬ 
tings in the State of Uttarakhand in India. Studies show that 
linkages among public institutions like the jal nig am, jal 
sansthan , Water Directorate, and Urban Development 
Directorate are not only poor but also conflicting, as their 
functions overlap with other governing bodies like the 
community-level water users’ groups and municipal corpo¬ 
rations, which also have some authority for water manage¬ 
ment, especially on the supply side. 

Further experience suggests that the desired environ¬ 
mental and social outcomes are not necessarily achieved 
when national-level institutions have a dominant influence. 
For example, Bangladesh’s overarching policy on natural 
resource management has traditionally been focused on 
earning revenue for the government. In pursuing this policy, 
natural resource management typically depended on public 
bureaucracy, which essentially followed a policing, exclu¬ 
sionary, and non-participatory approach to operations (Khan 
1998; Chowdhury and Khan 2017). This trend has led to a 
number of outcomes: (1) resultant alienation of the local 
communities from the management and use of natural 
resources; (2) creation and patronization of an elitist aris¬ 
tocracy who enjoyed de facto privatized control and 
authority over funds and acted as intermediaries between the 
state and local communities; (3) systematic undermining of 
local institutions, community initiatives, customary rights, 
and wisdom in natural resource management; and 4) over¬ 
shadowing of broader sustainability and environmental 
considerations in the management of funds (Khan and 
Harriss-White 2012: 103). Often, the access to water 
resources and the costs and benefits of water resource pro¬ 
jects are distributed unequally; while the rich gain more 
access to water resources, the poor bear the cost (Chowdhury 
and Rasul 2011: 44). 

Evidence on the outcomes of decentralization and devo¬ 
lution in the HKH also underscores both the potential and, 
more importantly, the limits of local governance in the 


Himalaya. Research reveals that co-governance, in place of 
local autonomy, can still lead to inferior outcomes when the 
central actors wish to retain supervision of the decentralized 
institutions, which contradicts the concept of organic link¬ 
ages between indigenous management and knowledge sys¬ 
tems and causes tension in the politics of decentralization of 
natural resources. One analysis suggests that because of this 
tension, the forests in Himachal are in a worse condition 
under the co-governance management regime than under the 
indigenous system (Agrawal and Chhatre 2006). Therefore, 
it is important to incentivize policies that encourage the 
development of proper polycentric systems for natural 
resource governance to maintain local benefits while 
increasing the capacity to deal with socioecological chal¬ 
lenges (Bixler 2014). Fessons from co-management 
arrangements in the forest and wetlands in Bangladesh 
indicate that links with local government and formal 
recognition of CBOs are important in establishing their 
legitimacy to represent community interests and in over¬ 
coming conflicts (Khan and Harriss-White 2012). 

The multilevel governance framework provided in the 
case of Chinese hydropower suggests that even strongly 
nation-state-centric governance regimes need not automati¬ 
cally be top-down, but can be highly fragmented and subject 
to complex and multi-scalar decision-making processes. In 
China, informal networks between the energy bureaucracy 
and hydropower developers determine the hydropower 
decision-making process. These informal networks sit 
starkly at odds with China’s state-centric governance system. 
By putting authoritarian and indigenous governance con¬ 
cepts together, vibrant and reflexive systems of governance 
with adaptive skills are finding their way into the hitherto 
state-dominated Chinese hydropower governance, with a 
dominance of informal networks in the decision-making 
process compared to the formal bureaucratic approach 
(Hensengerth 2015). 

16.5.3 The Emerging Role of Knowledge 

Interfaces in the Shift Towards Adaptive 
Governance 

The building of co-management and cross-border manage¬ 
ment structures depends heavily on knowledge 
co-production, mediation, translation, and negotiation (Cash 
et al. 2006). 

The first point is that improving communication links 
between knowledge producers and policy makers in envi¬ 
ronmental management is important for evidence-based 
decision making (Weiss et al. 2012). The use of feedback 
and reflections to improve and prepare a governance system 
to tackle unprecedented risks and shocks is a key part of 
adaptive governance. However, policy-monitoring 
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mechanisms vary across the HKH countries, as does their 
use of research and feedback from practice in policy making 
and governance decision making. In water resource man¬ 
agement, China has adopted the practice of first piloting, 
learning from the experience, and then applying the revised 
policies and laws to the entire country. In contrast, in 
Nepal’s forest sector, policy-making processes are not 
informed by scientific research (Ojha et al. 2016b); despite 
the growing body of research, policy review and revisions 
are ad hoc and often driven by external donors or interna¬ 
tional agencies. In Bhutan, proposed policies are passed 
through a policy-screening tool developed on the principles 
of gross national happiness. Midterm and end of Five-Year 
Plan reviews provide an opportunity to review policies and 
implementation. The guidelines for development of 
Five-Year plans to some extent incorporate revisions based 
on these reviews. 

The second point is that knowledge is produced and 
understood at different scales, and bringing clarity to a 
mismatch of scales is integral to knowledge use. Scalar 
issues pertaining to knowledge in natural resource manage¬ 
ment and environmental assessments deeply influence gov¬ 
ernance and policy making. Research suggests that the 
integration of local and scientific knowledge must be open to 
questioning how different knowledge systems may be fun¬ 
damentally embedded in different scales, influencing prob¬ 
lem definition and solutions. Both local traditional 
knowledge and scientific knowledge are contextual and 
applied, diverse and inherently multi-scalar. Therefore, 
“scale politics and mismatch between scales of knowledge 
exist within local communities”, and scientific knowledge 
will inevitably interfere politically with local knowledge. 
Ahlborg and Nightingale (2012: 16) argue that “it is not 
simply the case that one needs to confer with local actors or 
elites or those considered local experts; rather, one needs to 
attend to how scales of knowledge produce a politics of 
knowing that can have real implications for on-the-ground 
management”. 

Insufficient data and lack of monitoring capability are 
major obstacles to proactively seeking, synthesizing, and 
using both experiential and scientific knowledge to support 
decision making in conditions of uncertainty. The ability to 
do this is a key part of adaptive governance. At times, 
decisions are made when contradictory claims to knowledge 
exist, resulting in unclear and confusing policy directions. 
For example, in Pakistan, many researchers have argued that 
the actual forest area of the country is much lower than that 
officially claimed, as a result of definitional and jurisdic¬ 
tional issues (Shahbaz 2009). In Nepal, despite a plethora of 
studies conducted into forestry and agriculture in the hills, 
there is still a lack of information about what is happening 
on the ground at different locations, or analysis of the impact 
of different community-based resource management 


regimes. Studies are also divided across three key sectors— 
land management, forestry, and agriculture—and there is 
limited knowledge on cross-sectoral interactions. 

Critical insights have, however, emerged as to how 
research can be linked to practice and policy processes. For 
example, in Nepal’s forestry system (Banjade 2013; 
McDougall et al. 2013; Ojha et al. 2010), studies show that 
alliance-led resistance and research-informed deliberation 
can overcome threats of recentralization (Sunam et al. 2013). 
However, even with relevant and emerging research, the 
quality and form of presentation is often not strong enough 
to attract the attention of, or to be compatible with, policy 
actors and community leaders. 

There are a few systematic, longitudinal studies that have 
used robust methodologies and have intimately engaged 
with the contexts, but these studies are often shaped by the 
interests of the sponsors. Studies are framed either as global 
knowledge questions or donor project objectives, and there 
have been few engaged research attempts to critically expose 
or contribute to local decision systems that impact small¬ 
holder agriculture and forestry. This is because the agenda of 
sustainability in development is promoted by international 
aid agencies. There is a long history of scientific claims that 
development interventions have failed to achieve their 
intended goals, a matter that has become a key base to 
advance theorizing on the problems of and potential solu¬ 
tions for the Himalaya (Thompson and Warburton 1985; 
Ives et al. 1987; Ives and Messerli 1989; Blaikie et al. 2002; 
Ives 2004). The Himalayan myth (that the region was facing 
an environmental disaster due to rapid population growth, 
causing extensive deforestation) was based on a discredited 
western scientific construct (Ives et al. 1987; Bruijnzeel and 
Bremmer 1989; Ives 1989, 2004; Ives and Messerli 1989; 
Guthman 1997; Forsyth 1998), but it has created confusion 
and led to assumptions and misinterpretations about the 
Himalaya that have affected development planning and 
implementation and led to misguided research efforts (Ives 
et al. 1987; Ives 2012). The overgeneralization of complex 
problems and their solutions in the HKH has led to a failure 
in development-oriented research (Ives 2012). 

China’s adoption of the practice of piloting laws and 
revising them on the basis of implementation experience is 
an interesting move toward adaptive governance. For 
example, the Environmental Protection Law of 1979 was 
enacted on a trial basis and, because it proved more 
solution-oriented than based on proactive prevention, was 
amended and reenacted in December 1989. Likewise, under 
the perceived situation of the tragedy of the commons, 
reforms in cropland regions saw a transformation from 
communal management of rangelands to autonomous indi¬ 
vidual household responsibility over farm management 
(Banks et al. 2003). In Bhutan, natural resources, especially 
Sokshing (homestead leaf litter forests), Tsamdrog 
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(rangelands), and water have been nationalized through 
enactment and revision of the Land Act (RGOB 2007), the 
Forest and Nature Conservation Act (RGOB 1995), and the 
Water Act (RGOB 2011) for the sole purpose of conserva¬ 
tion and sustainable utilization. In recent times, degradation 
of the natural environment resulting from mining activities, 
with no tangible economic benefits to the government and 
communities, has led to the emergence of policies to limit 
the private sector and initiate state engagement in harnessing 
the economic potential of natural resources, demonstrating 
that adaptive policy making can work in a complex political 
environment, as exemplified earlier by the evolution of 
community forestry policy in Nepal. On the other hand, 
there have also been significant developments in the area of 
water resource management. In its effort to implement the 
Water Act of 2014, Bhutan adopted the National Integrated 
Water Resource Management Plan (NIWRMP), which calls 
for water security as a national goal to be achieved through 
employment of the Bhutan Water Security Index (BWSI) 
and associated interagency coordination framework for 
planning, implementation, monitoring, and reporting 
progress. 

Cote and Nightingale (2012) argue that the conceptual¬ 
ization of social change in environmental research is itself 
problematic, as it emphasizes a focus on the structures and 
functionality of an institutional system devoid of political, 
historical, and cultural meaning. Greater efforts at situating 
definitions and questioning formulations about resilience 
within political and cultural heterogeneities can help address 
both this issue and the underlying normative concerns. We 
believe that the question of adaptability and resilience of the 
environmental governance system depends to a large extent 
on the role of knowledge at the intersection between social 
and environmental dynamics, and the ways in which the 
politics of knowledge helps to address normative questions 
in the context of power asymmetry and competing value 
systems—all of which are not external to, but rather integral 
to the development and functioning of an environmental 
management system. Fundamentally speaking, it is impor¬ 
tant to consider how various systems of knowledge are 
mobilized and an effective interface is created. Researchers 
should not overlook the importance of engagement with 
policy actors at different stages of research. 

16.5.4 The Emerging Emphasis on Multilevel 
Learning for Inclusive Policies 
and Transformational Governance 

Evidence suggests that the efforts to ensure inclusion in 
governance are not fully informed by the unfolding social 
and political dynamics. We argue that inclusive policy pro¬ 
cesses should not only be restricted to cross-scalar policy 


and institutions, but also that they be prioritized within 
scales and at all levels by increasing the level of participation 
and democratic representation of stakeholders, individuals, 
and marginal social groups. Further, institutions need to be 
flexible and to encourage reflection, learning, experimenta¬ 
tion, and innovative responses to specific local capabilities 
and needs. Institutional arrangements which facilitate mul¬ 
tilevel learning are critical for exploring uncertainties and 
finding solutions for climate change adaptation (Huntjens 
et al. 2012), which is now a global preoccupation. 

Sustainable development also requires transformational 
adaptation to changes in underlying cultural and political 
systems, not just adaptation of specific management prac¬ 
tices (Pelling 2011). This approach requires environmental 
policy and institutions to embrace social learning while 
undertaking the governance and management of natural 
resources (Olsson et al. 2006; Leach et al. 2007; Plummer 
et al. 2013). Indeed, governance itself is a process of 
learning in relation not only to management operations but 
also to fundamental cultural values and political standpoints 
(Dressier et al. 2010). 

While it is clear that inclusive policy processes help to 
ensure a more just governance process, it is not clear which 
governance structures are best for doing this. Research sug¬ 
gests that monocentric perspectives are better at ensuring 
public participation, as it is easier to provide feedback to the 
public through a central structure. Similarly, management as 
experimentation may work better in a monocentric system 
than in a poly centric one. However, in the case of river basins, 
unitary authorities at the sub-basin or watershed level may be 
better at connecting the public with the central authorities 
(Huitema et al. 2009). Local-level institutions can provide 
space for the empowerment of historically marginalized 
groups, but this representation can sometimes be tokenistic at 
best (Cooke and Kothari 2001; Nightingale 2002; Sikor and 
Lund 2009). Social inclusion can be freed from rhetoric if the 
monitoring mechanisms prioritize communication and the use 
of feedback and reflections to improve governance. 

Finally, the shift in gender roles in both mountainous and 
peri-urban contexts has potentially profound implications for 
inclusion in governance. As an example, urbanization or 
rural-urban migration can lead to a transformation of gender 
relations around water in particular, as well as around natural 
resources more broadly. It is also argued that with the 
acquisition of village grazing lands to support urban 
expansion, gender relations around natural resources can be 
transformed (Vij and Narain 2016). In India, studies have 
shown that men performed the task of water collection in 
upper-caste households, but with occupational diversifica¬ 
tion, this task is increasingly being performed by women 
(Ranjan and Narain 2012). In other areas, efforts have been 
made to reduce women’s drudgery in water collection in the 
mountains by bringing water sources closer to homes, but 
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these efforts proved limited in their impact on improving 
women’s quality of life. Along with climate change, both 
urbanization and rural-urban migration create new demands 
on women’s time in mountain contexts, while the expansion 
of a water supply may itself create new water collection 
tasks (Narain 2014). Thus, focusing on changing gender 
relations around water may yield a better understanding of 
the impacts of drinking water supply interventions on 
women’s quality of life than estimating impact simply in 
terms of conventional indicators of women’s water burdens. 


16.6 Opportunities for Improving 

Environmental Governance in the HKH 

This chapter has provided an assessment of environmental 
governance in the Hindu-Kush Himalaya, encompassing 
processes at local, national, and regional scales. It shows that 
the governance of environmental resources in the region 
involves a complex ensemble of state policy frameworks, 
policy making and implementing organizations, knowledge 
communities, traditional institutions, and the private sector. 
The field of environmental governance entails pluralistic and 
highly dispersed authorities at local, subnational, national, 
regional, and global levels. The distribution of governing 
power across various levels of governance is unbalanced and 
often incompatible with the sustainable management of 
natural resources. Environmental institutions have yet to 
fully recognize the complex Himalayan geography, which is 
characterized by the lack of appropriate, context-specific 
institutions to link upstream and downstream communities in 
river basins. 

National environmental policies and institutions in the 
region are complex and still evolving. Governance reforms 
include the adoption of new environmental concerns such as 
climate change, disaster risks, and biodiversity; decentral¬ 
ization and devolution; and new shifts to adopt market 
mechanisms in resource governance. While policy visions 
and frameworks for improved environmental governance 
have emerged in response to the change in contexts, there is 
a lack of effective implementation. This is because devel¬ 
oping new policy visions is not concurrently linked to a 
process of institutional reform. The link between policy and 
practice is poor, and many of the lessons learned from the 
field—as well as evidence from research—goes unused in 
national policy processes. 

A variety of decentralization initiatives have emerged 
with significantly positive outcomes in different localities, 
yet these are not adequately supported or institutionalized in 
the national and subnational systems of governance. 
Regional cooperation on environmental issues remains lim¬ 
ited, and there is an urgent need for the HKH countries to 
engage more meaningfully in devising frameworks for fair 


cooperation, as countries have intimate upstream and 
downstream linkages, complementary expertise and experi¬ 
ences, and differing levels of national capability and nego¬ 
tiating power. The future of regional governance of natural 
resource management depends to a large extent on how 
innovative institutional arrangements emerge in the region to 
facilitate intergovernmental dialogue, common policy ini¬ 
tiatives, and collaborative trans-border community practices, 
beyond the dichotomy of cooperation and conflict which has 
existed in varied forms of transboundary management of 
natural resources. 

Given the rich experiences and policy experiments in 
diverse sub-regions and localities in the HKH, there is an 
important need to strengthen the cross-scalar knowledge 
interface and inclusive governance processes—both within 
and between the nation-states—to ensure fair and adaptive 
governance in the face of the growing risks related to climate 
change and disaster in the Himalaya. 

The findings show that there are at least four opportuni¬ 
ties for improving environmental governance in the region: 
(1) strengthening the interface between science, policy, and 
practice; (2) strengthening the institutional capacity to 
implement new policies; (3) scaling up community-based 
environmental management systems by creating more 
enabling regulatory frameworks and appropriate local insti¬ 
tutional arrangements; and (4) strengthening transboundary 
cooperation among the HKH countries. 
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Glossary Editor: Avash Pandey, International Centre for Integrated Mountain Development 
(ICIMOD), Kathmandu, Nepal (avash.pandey@icimod.org) 


Active layer The layer of ground above permafrost subject to annual thawing and freezing 
(ACGR 1998; Washburn 1979). 

Adaptation The process of adjustment to actual or expected climate and its effects. In human 
systems, adaptation seeks to moderate harm or exploit beneficial opportunities. In natural 
systems, human intervention may facilitate adjustment to expected climate and its effects. 

Adaptation limit The point at which an actor’s objectives (or system needs) cannot be 
secured from intolerable risks through adaptive actions. 

Adaptation needs The circumstances requiring action to ensure safety of populations and 
security of assets in response to climate impacts. 

Adaptive capacity The ability of systems, institutions, humans, and other organisms to adjust 
to potential damage, to take advantage of opportunities, or to respond to consequences. 

Autonomous adaptation Adaptation in response to experienced climate and its effects, 
without planning explicitly or consciously focused on addressing climate change. Also 
referred to as spontaneous adaptation. 

Incremental adaptation Adaptation actions where the central aim is to maintain the essence 
and integrity of a system or process at a given scale. 

Transformational adaptation Adaptation that changes the fundamental attributes of a sys¬ 
tem in response to climate and its effects. 

Afforestation Planting of new forests on lands that historically have not contained forests. 
For a discussion of the term forest and related terms such as afforestation, reforestation and 
deforestation, see the IPCC Special Report on Land Use, Land-Use Change, and Forestry 
(IPCC 2000a). See also information provided by the United Nations Framework Convention 
on Climate Change (UNFCCC 2013) and the report on Definitions and Methodological 
Options to Inventory Emissions from Direct Human-induced Degradation of Forests and 
Devegetation of Other Vegetation Types (IPCC 2003, 2014a, b). 

Air pollution Air pollution occurs when harmful substances including particulates, biological 
molecules and trace gases are introduced into Earth's atmosphere. Human activity and natural 
processes can both generate air pollution. 

Air pollution episode An air pollution episode is a period of abnormally high levels of air 
pollutants. Usually, it is formed by the combination of emissions and meteorological 
conditions. 


© ICIMOD, The Editor(s) (if applicable) and The Author(s) 2019 
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Air quality Air quality describes the concentration and composition of air pollutants in the 
air. It is closely related to the visibility, public health, and environment impacts (such as crop 
yield, ecosystems and biodiversity). 

Air quality management Air quality management is a set of actions to regulate and work 
toward the accomplishment of air quality goals and objectives. It requires actions by gov¬ 
ernment, business, industry, NGO’s and the population. 

Albedo The fraction of solar radiation reflected by a surface or object, often expressed as a 
percentage. Snow-covered surfaces have a high albedo, the albedo of soils ranges from high to 
low and vegetation-covered surfaces and oceans have a low albedo. The Earth’s planetary 
albedo varies mainly through varying cloudiness, snow, ice, leaf area and land cover changes. 

Baseline/reference The baseline (or reference) is the state against which change is measured. 
A baseline period is the period relative to which anomalies are computed. In the context of 
transformation pathways, the term baseline scenarios refers to scenarios that are based on the 
assumption that no mitigation policies or measures will be implemented beyond those that are 
already in force and/or are legislated or planned to be adopted. Baseline scenarios are not 
intended to be predictions of the future, but rather counterfactual constructions that can serve 
to highlight the level of emissions that would occur without further policy effort. Typically, 
baseline scenarios are then compared to mitigation scenarios that are constructed to meet 
different goals for greenhouse gas (GHG) emissions, atmospheric concentrations or temper¬ 
ature change. The term baseline scenario is used interchangeably with reference scenario and 
no policy scenario. In much of the literature the term is also synonymous with the term 
business-as-usual (B AU) scenario, although the term B AU has fallen out of favour because the 
idea of business as usual in century-long socio-economic projections is hard to fathom. See 
also Emission scenario, Representative Concentration Pathways (RCPs) and SRES scenarios. 

Baseline The reference scenario for measurable quantities from which an alternative outcome 
can be measured, for example, a non-intervention scenario is used as a reference in the 
analysis of intervention scenarios. A baseline may be an extrapolation of recent trends, or it 
may assume frozen technology or costs. See also business as usual, models, scenario (Ver¬ 
bruggen et al. 2011). 

Benchmark A measurable variable used as a baseline or reference in evaluating the perfor¬ 
mance of a technology, a system or an organization. Benchmarks may be drawn from internal 
experience, from external correspondences or from legal requirements and are often used to 
gauge changes in performance over time (Verbruggen et al. 2011). 

Biodiversity The variability among living organisms from all sources including, inter alia, 
terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they 
are part this includes diversity within species, between species and of ecosystems (CBD 1992). 

Biofuels Fuels derived directly or indirectly from biomass. Biofuels can be split up into three 
categories: solid biofuels; liquid biofuels; and biogases. Solid biofuels comprise mainly 
fuelwood, wood residues, wood pellets, animal waste, vegetal material. Liquid biofuels are 
mainly biodiesel and bioethanol used as transport fuels. Biogas is composed principally of 
methane and carbon dioxide produced by anaerobic digestion of biomass, comprising: landfill 
gas, formed by the digestion of landfilled wastes; sewage sludge gas, produced from the 
anaerobic fermentation of sewage sludge; and other biogas, such as biogas produced from the 
anaerobic fermentation of animal slurries and of wastes in abattoirs, breweries and other 
agro-food industries (OECD/IEA 2005). 
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Biomass Organic, non-fossil material of biological origin (plants and animals) used as a raw 
material for production of biofuels. It includes wide range of materials harvested from nature 
or biological portion of waste. The most typical example is wood (firewood, wood residues, 
wood waste, tree branches, stump, wood pellets), which is the largest biomass energy source. 
Other examples of biomass are grass, bamboo, com, sugarcane, animal waste, sewage sludge 
and algae. Using biomass as a fuel is deemed carbon neutral as carbon was trapped from the 
atmosphere during the biomass life cycle (Eurostat). 1 In the World Energy Outlook, the 
International Energy Agency (2010) defines traditional biomass as biomass consumption in 
the residential sector in developing countries that refers to the often-unsustainable use of 
wood, charcoal, agricultural residues and animal dung for cooking and heating. All other 
biomass use is defined as modem biomass differentiated further by IPCC report into modem 
bioenergy (which encompasses electricity generation and combined heat and power from 
biomass and municipal solid waste, biogas, residential space and hot water in buildings and 
commercial applications from biomass, municipal solid waste, and biogas, and liquid transport 
fuels) and industrial bioenergy applications (which include heating through steam generation 
and self-generation of electricity and combined heat and power in the pulp and paper industry, 
forest products, food and related industries) (Verbruggen et al. 2011). 

Biotechnology Biological processes or organisms used for the production of materials and 
services that are of benefit to humankind, including techniques for the improvement of the 
characteristics of economically important plants and animals and for the development of 
micro-organisms to act on the environment (Zaid et al. 1999). 

Black carbon Black carbon (BC) is a major component of light-absorbing refractory car¬ 
bonaceous matter, produced by incomplete combustion of fossil fuels, biofuel, and biomass. 
The measurement of BC is usually based on the optical light absorption. BC can strongly 
absorb solar radiation at visible wavelengths causing warming effects in the atmosphere. Once 
deposited on a glacier and snow cover, it can reduce the albedo. 

Burden sharing/effort sharing In the context of mitigation, burden sharing refers to sharing 
the effort of reducing the sources or enhancing the sinks of greenhouse gases (GHGs) from 
historical or projected levels, usually allocated by some criteria, as well as sharing the cost 
burden across countries. 

Business-As-Usual (BAU) See Baseline/reference. 

Business As Usual (BAU) The future is projected or predicted on the assumption that 
operating conditions and applied policies remain what they are at present. See also baseline, 
models, scenario (Verbruggen et al. 2011). 

Cancun agreements A set of decisions adopted at the 16th Session of the Conference of the 
Parties (COP) to the United Nations Framework Convention on Climate Change (UNFCCC), 
including the following, among others: the newly established Green Climate Fund (GCF), a 
newly established technology mechanism, a process for advancing discussions on adaptation, 
a formal process for reporting mitigation commitments, a goal of limiting global mean surface 
temperature increase to 2 °C and an agreement on MRV—Measurement, Reporting and 
Verification for those countries that receive international support for their mitigation efforts. 

Cancun pledges During 2010, many countries submitted their existing plans for controlling 
greenhouse gas (GHG) emissions to the Climate Change Secretariat and these proposals have 
now been formally acknowledged under the United Nations Framework Convention on 


1 http://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Biomass. 
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Climate Change (UNFCCC). Developed countries presented their plans in the shape of 
economy-wide targets to reduce emissions, mainly up to 2020, while developing countries 
proposed ways to limit their growth of emissions in the shape of plans of action. 

Carbon cycle The term used to describe the flow of carbon (in various forms, e.g., as carbon 
dioxide (C0 2 ) through the atmosphere, ocean, terrestrial and marine biosphere and litho¬ 
sphere. In this report, the reference unit for the global carbon cycle is GtC0 2 or GtC 
(Gigatonne of carbon = 1 GtC = 10 15 grams of carbon. This corresponds to 3.667 GtC0 2 ). 

Carbon dioxide Carbon dioxide (C0 2 ) is a colorless gas with a density about 60% higher 
than that of air that is odorless at normally encountered concentrations. It occurs naturally in 
Earth's atmosphere as a trace gas at a concentration of about 0.04% (400 ppm) by volume. It is 
mainly formed during respiration, biomass/fossil fuel combustion, and organic decomposition 
(especially caused by land-use change). Carbon dioxide could regulate the temperature of the 
earth. Nowadays, C0 2 is a dominant greenhouse gas which causes global warming. 

Carbon intensity (or an emission intensity) The emission rate of a given pollutant relative to 
the intensity of a specific activity, or an industrial production process; for example grams of 
carbon dioxide released per megajoule of energy produced, or the ratio of greenhouse gas 
emissions produced to gross domestic product (GDP). 

Carbon market The set of organised and bilateral transactions by which countries trade 
credits received for greenhouse-gas emission reductions. The market is used to comply with 
emission goals, or to voluntarily offset a country’s own emissions. The carbon market was 
launched by the creation of three mechanisms under the Kyoto Protocol: emissions trading, 
across developed countries; the Clean Development Mechanism, based on projects in devel¬ 
oping countries; and Joint Implementation, based on projects in developed countries 
(OECD/IEA 2018). 

Carbon monoxide Carbon monoxide (CO) is a colorless, odorless, and tasteless gas that is 
slightly less dense than air. It results from the incomplete combustion of carbon-containing 
fuels such as natural gas, gasoline, or wood, and is emitted by a wide variety of combustion 
sources, including motor vehicles, power plants, wildfires, and incinerators. Carbon monoxide 
is harmful for health because it binds to hemoglobin in the blood, reducing the ability of blood 
to carry oxygen. 

Carbon sequestration The process involved in carbon capture and the long-term storage of 
atmospheric carbon dioxide (C0 2 ) and may refer specifically to: (1) the process of removing 
carbon from the atmosphere and depositing it in a reservoir. When carried out deliberately, 
this may also be referred to as carbon dioxide removal, which is a form of geoengineering; 
(2) carbon capture and storage, where carbon dioxide is removed from flue gases (e.g., at 
power stations) before being stored in underground reservoirs; (3) natural biogeochemical 
cycling of carbon between the atmosphere and reservoirs, such as by chemical weathering of 
rocks (Sedjo and Sohngen 2012). 

Circular migration It is repeated movement of persons between a place of origin and the 
place of destination. It may involve single destination or multiple before returning to the place 
of origin. 

Clean Development Mechanism (CDM) A mechanism under the Kyoto Protocol through 
which developed (Annex B) countries may finance greenhouse gas emission reduction or 
removal projects in developing (Non-Annex B) countries and receive credits for doing so 
which they may apply for meeting mandatory limits on their own emissions (Verbruggen et al. 
2011 ). 
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Climate Climate in a narrow sense is usually defined as the average weather, or more rig¬ 
orously, as the statistical description in terms of the mean and variability of relevant quantities 
over a period of time ranging from months to thousands or millions of years. The classical 
period for averaging these variables is 30 years, as defined by the World Meteorological 
Organization. The relevant quantities are most often surface variables such as temperature, 
precipitation and wind. Climate in a wider sense is the state, including a statistical description, 
of the climate system. 

Climate change Climate change refers to a change in the state of the climate that can be 
identified (e.g., by using statistical tests) by changes in the mean and/or the variability of its 
properties and that persists for an extended period, typically decades or longer. Climate change 
may be due to natural internal processes or external forcings such as modulations of the solar 
cycles, volcanic eruptions and persistent anthropogenic changes in the composition of the 
atmosphere or in land use. Note that the Framework Convention on Climate Change 
(UNFCCC), in its Article 1, defines climate change as: ‘a change of climate which is attributed 
directly or indirectly to human activity that alters the composition of the global atmosphere 
and which is in addition to natural climate variability observed over comparable time periods’. 
The UNFCCC thus makes a distinction between climate change attributable to human 
activities altering the atmospheric composition and climate variability attributable to natural 
causes. See also Detection and Attribution. 

Climate extreme (extreme weather or climate event) See Extreme weather event. 

Climate projection A projection of the response of the climate system to emission or con¬ 
centration scenarios of greenhouse gases and aerosols, or radiative forcing scenarios, often 
based upon simulations by climate models. Climate projections are distinguished from climate 
predictions in order to emphasize that climate projections depend upon the 
emission/concentration/ radiative forcing scenario used, which are based on assumptions 
concerning, for example, future socioeconomic and technological developments that may or 
may not be realised and are therefore subject to substantial uncertainty. 

Climate scenario A plausible and often simplified representation of the future climate, based 
on an internally consistent set of climatological relationships that has been constructed for 
explicit use in investigating the potential consequences of anthropogenic climate change, often 
serving as input to impact models. Climate projections often serve as the raw material for 
constructing climate scenarios, but climate scenarios usually require additional information 
such as about the observed current climate. A climate change scenario is the difference 
between a climate scenario and the current climate. 

Climate variability Climate variability refers to variations in the mean state and other 
statistics (such as standard deviations, the occurrence of extremes, etc.) of the climate on all 
spatial and temporal scales beyond that of individual weather events. Variability may be due to 
natural internal processes within the climate system (internal variability), or to variations in 
natural or anthropogenic external forcing (external variability). 

Climate finance There is no agreed definition of climate finance. The term climate finance is 
applied both to the financial resources devoted to addressing climate change globally and to 
financial flows to developing countries to assist them in addressing climate change. The 
literature includes several concepts in these categories, among which the most commonly used 
include: 
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Incremental costs The cost of capital of the incremental investment and the change of 
operating and maintenance costs for a mitigation or adaptation project in comparison to 
a reference project. It can be calculated as the difference of the net present values of the 
two projects. 

Incremental investment The extra capital required for the initial investment for a mit¬ 
igation or adaptation project in comparison to a reference project. 

Total climate finance All financial flows whose expected effect is to reduce net green¬ 
house gas (GHG) emissions and/or to enhance resilience to the impacts of climate 
variability and the projected climate change. This covers private and public funds, 
domestic and international flows and expenditures for mitigation and adaptation to 
current climate variability as well as future climate change. 

Total climate finance flowing to developing countries The amount of the total climate 
finance invested in developing countries that comes from developed countries. This 
covers private and public funds. 

Private climate finance flowing to developing countries Finance and investment by 
private actors in/from developed countries for mitigation and adaptation activities in 
developing countries. 

Public climate finance flowing to developing countries Finance provided by developed 
countries’ governments and bilateral institutions as well as by multilateral institutions 
for mitigation and adaptation activities in developing countries. Most of the funds 
provided are concessional loans and grants. 

Climate model (spectrum or hierarchy) A numerical representation of the climate system 
based on the physical, chemical and biological properties of its components, their interactions 
and feedback processes and accounting for some of its known properties. The climate system can 
be represented by models of varying complexity; that is, for any one component or combination 
of components a spectrum or hierarchy of models can be identified, differing in such aspects as 
the number of spatial dimensions, the extent to which physical, chemical or biological processes 
are explicitly represented, or the level at which empirical parametrizations are involved. Coupled 
Atmosphere-Ocean General Circulation Models (AOGCMs) provide a representation of the 
climate system that is near or at the most comprehensive end of the spectrum currently available. 
There is an evolution towards more complex models with interactive chemistry and biology. 
Climate models are applied as a research tool to study and simulate the climate and for opera¬ 
tional purposes, including monthly, seasonal and interannual climate predictions. 

Climate projection A climate projection is the simulated response of the climate system to a 
scenario of future emission or concentration of greenhouse gases (GHGs) and aerosols, 
generally derived using climate models. Climate projections are distinguished from climate 
predictions by their dependence on the emission/concentration/radiative forcing scenario used, 
which is in turn based on assumptions concerning, for example, future socio-economic and 
technological developments that may or may not be realized. 

Climate-resilient pathways Iterative processes for managing change within complex systems 
in order to reduce disruptions and enhance opportunities associated with climate change. 

Climate response See Climate sensitivity. 

Climate sensitivity In IPCC reports, equilibrium climate sensitivity (units: °C) refers to the 
equilibrium (steady state) change in the annual global mean surface temperature following a 
doubling of the atmospheric equivalent carbon dioxide (C0 2 ) concentration. Owing to com¬ 
putational constraints, the equilibrium climate sensitivity in a climate model is sometimes 
estimated by running an atmospheric general circulation model coupled to a mixed-layer ocean 
model, because equilibrium climate sensitivity is largely determined by atmospheric processes. 
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Efficient models can be run to equilibrium with a dynamic ocean. The climate sensitivity 
parameter (units: °C (W m 2 ) -1 ) refers to the equilibrium change in the annual global mean 
surface temperature following a unit change in radiative forcing. 

The effective climate sensitivity (units: °C) is an estimate of the global mean surface 
temperature response to doubled C0 2 concentration that is evaluated from model output 
or observations for evolving non-equilibrium conditions. It is a measure of the strengths 
of the climate feedbacks at a particular time and may vary with forcing history and 
climate state and therefore may differ from equilibrium climate sensitivity. 

The transient climate response (units: °C) is the change in the global mean surface 
temperature, averaged over a 20-year period, centered at the time of atmospheric C0 2 
doubling, in a climate model simulation in which C0 2 increases at 1 %/yr. It is a measure 
of the strength and rapidity of the surface temperature response to greenhouse gas 
(GHG) forcing. 

Climate system The climate system is the highly complex system consisting of five major 
components: the atmosphere, the hydrosphere, the cryosphere, the lithosphere and the bio¬ 
sphere and the interactions between them. The climate system evolves in time under the 
influence of its own internal dynamics and because of external forcings such as volcanic 
eruptions, solar variations and anthropogenic forcings such as the changing composition of the 
atmosphere and land-use change. 

Climate variability Climate variability refers to variations in the mean state and other 
statistics (such as standard deviations, the occurrence of extremes, etc.) of the climate on all 
spatial and temporal scales beyond that of individual weather events. Variability may be due to 
natural internal processes within the climate system (internal variability), or to variations in 
natural or anthropogenic external forcing (external variability). See also Climate change. 

Co-benefits The positive effects that a policy or measure aimed at one objective might have 
on other objectives, irrespective of the net effect on overall social welfare. Co-benefits are 
often subject to uncertainty and depend on local circumstances and implementation practices, 
among other factors. Co-benefits are also referred to as ancillary benefits. Appropriate con¬ 
sideration of co-benefits of greenhouse gas mitigation can greatly influence policy decisions 
concerning the timing and level of mitigation action, and there can be significant advantages to 
the national economy and technical innovation. 

Confidence 

Well established : comprehensive meta-analysis or other synthesis or multiple inde¬ 
pendent studies that agree. 

Established but incomplete : general agreement although only a limited number of 
studies exist; no comprehensive synthesis and/or the studies that exist address the 
question imprecisely. 

Unresolved : multiple independent studies exist but conclusions do not agree. 
Inconclusive : limited evidence, recognizing major knowledge gaps. 

Cost-effectiveness A policy is more cost-effective if it achieves a given policy goal at lower 
cost. Integrated models approximate cost-effective solutions, unless they are specifically 
constrained to behave otherwise. Cost-effective mitigation scenarios are those based on a 
stylized implementation approach in which a single price on carbon dioxide (C0 2 ) and other 
greenhouse gases (GHGs) is applied across the globe in every sector of every country and that 
rises over time in a way that achieves lowest global discounted costs. 
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Cryosphere The cryosphere is the part of the Earth system that contains ice, for example 
snow on the ground, glaciers, ice sheets, lake ice, river ice, sea ice, seasonally and perennially 
frozen ground (GCW 2016). 

Debris-covered glacier A glacier that is covered at its tongue with supra-glacial debris across 
its full width (Kirkbride 2011). 

Decentralized energy/distributed energy Energy systems are considered to be distributed if 
(1) the systems of production are relatively small and dispersed (such as small-scale solar PV 
on rooftops), rather than relatively large and centralized; or (2) generation and distribution 
occur independently from a centralized network (Cleanleap 2016). 2 

Deforestation Conversion of forest to non-forest. For a discussion of the term forest and 
related terms such as afforestation, reforestation and deforestation, see the IPCC Special 
Report on Land Use, Land-Use Change, and Forestry (IPCC 2000a). See also information 
provided by the United Nations Framework Convention on Climate Change (UNFCCC 2013) 
and the report on Definitions and Methodological Options to Inventory Emissions from Direct 
Human-induced Degradation of Forests and Devegetation of Other Vegetation Types (IPCC 
2003, 2014a, b). 

Detection and attribution Detection of change is defined as the process of demonstrating 
that climate or a system affected by climate has changed in some defined statistical sense, 
without providing a reason for that change. An identified change is detected in observations if 
its likelihood of occurrence by chance due to internal variability alone is determined to be 
small, for example, <10%. Attribution is defined as the process of evaluating the relative 
contributions of multiple causal factors to a change or event with an assignment of statistical 
confidence (Hegerl et al. 2010). 

Diaspora Diaspora is broadly defined as individuals and members of networks, associations 
and communities who have left their country of origin, and maintain links with their home¬ 
lands. This concept covers not only emigrants but also erstwhile emigrants with the citizenship 
of the host country, dual citizens, and second-/third-generation bom persons in the host 
countries. 

Disabled Adjusted Life Year (DALYS) DALYs for a disease or health condition are cal¬ 
culated as the sum of the Years of Life Lost (YLL) due to premature mortality in the popu¬ 
lation and the Years Lost due to Disability (YLD) for people living with the health condition 
or its consequences. One DALY can be thought of as one lost year of “healthy” life. The sum 
of these DALYs across the population, or the burden of disease, can be thought of as a 
measurement of the gap between current health status and an ideal health situation where the 
entire population lives to an advanced age, free of disease and disability (WHO 2018). 3 

Disaster A serious disruption of the functioning of a community or a society at any scale due 
to hazardous events interacting with conditions of exposure, vulnerability and capacity, 
leading to one or more of the following: human, material, economic and environmental losses 
and impacts (UNISDR 2017). 

Disaster risk The potential loss of life, injury, or destroyed or damaged assets which could 
occur to a system, society or a community in a specific period of time, determined proba¬ 
bilistically as a function of hazard, exposure, vulnerability and capacity (UNISDR 2017). 


2 http://cleanleap.com/where-are-we-renewable-energy/05-distributed-renewable-energy-developing-countries. 

3 http://www.who.int/healthinfo/global_burden_disease/metrics_daly/en/. 
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Disaster risk governance The system of institutions, mechanisms, policy and legal frame¬ 
works and other arrangements to guide, coordinate and oversee disaster risk reduction and 
related areas of policy (UNISDR 2017). 

Disaster risk management Disaster risk management is the application of disaster risk 
reduction policies and strategies to prevent new disaster risk, reduce existing disaster risk and 
manage residual risk, contributing to the strengthening of resilience and reduction of disaster 
losses (UNISDR 2017). 

Disaster risk reduction Disaster risk reduction is aimed at preventing new and reducing 
existing disaster risk and managing residual risk, all of which contribute to strengthening 
resilience and therefore to the achievement of sustainable development (UNISDR 2017). 

Dispersion model Atmospheric dispersion models are computer programs that use mathe¬ 
matical algorithms to simulate how pollutants in the ambient atmosphere disperse and, in some 
cases, how they react in the atmosphere. 

Downhill scenario Downhill scenario represents strong climate change, a socially econom¬ 
ically and politically unstable region and strong ecosystem degradation. In the downhill 
scenario, regional conflicts over resource sharing persist—and even multiply as scarcity 
increases. People and institutions do not benefit from emerging opportunities for efficient 
resource use. Communities remain isolated from the larger market systems. Mountain liveli¬ 
hoods do not enjoy inclusive growth through new, scientifically proven skills and practices. 
Ecosystems are degraded, mitigation efforts fail, and fossil fuels remain the dominant energy 
source. Climate change impacts reflect the Intergovernmental Panel on Climate Change 
(IPCC)’s worst case scenario—global temperature rising by substantially more than 2.0 °C. 

Downscaling Downscaling is a method that derives local- to regional-scale (10-100 km) 
information from larger-scale models or data analyses. Two main methods are distinguished: 
dynamical downscaling and empirical/statistical downscaling. The dynamical method uses the 
output of regional climate models, global models with variable spatial resolution or 
high-resolution global models. The empirical/statistical methods develop statistical relation¬ 
ships that link the large-scale atmospheric variables with local/regional climate variables. In all 
cases, the quality of the downscaled product depends on the quality of the driving model. 

Drivers In a policy context, drivers provide an impetus and direction for initiating and 
supporting policy actions. The deployment of renewable energy is, for example, driven by 
concerns about climate change or energy security. In a more general sense, a driver is the 
leverage to bring about a reaction, for example, emissions are caused by fossil fuel con¬ 
sumption and/or economic growth. See also opportunities (Verbruggen et al. 2011). 

Drought A period of abnormally dry weather long enough to cause a serious hydrological 
imbalance. Drought is a relative term; therefore any discussion in terms of precipitation deficit 
must refer to the particular precipitation-related activity that is under discussion. For example, 
shortage of precipitation during the growing season impinges on crop production or ecosystem 
function in general (due to soil moisture drought, also termed agricultural drought) and during 
the runoff and percolation season primarily affects water supplies (hydrological drought). 
Storage changes in soil moisture and groundwater are also affected by increases in actual 
evapotranspiration in addition to reductions in precipitation. A period with an abnormal 
precipitation deficit is defined as a meteorological drought. A megadrought is a very lengthy 
and pervasive drought, lasting much longer than normal, usually a decade or more. 

Drivers of change Natural or human-induced factors that directly or indirectly cause changes 
in the system. A direct driver of change unequivocally influences ecosystem processes and/or 
sociocultural and economic characteristics, and can be identified and measured to differing 
degrees of accuracy; an indirect driver of change operates by altering the level or rate of 
change of other, more direct drivers (MA 2005). 
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Early warning system The set of capacities needed to generate and disseminate timely and 
meaningful warning information to enable individuals, communities and organizations 
threatened by a hazard to prepare to act promptly and appropriately to reduce the possibility of 
harm or loss. 

Early warning systems (Chap. 11) An integrated system of hazard monitoring, forecasting 
and prediction, disaster risk assessment, communication and preparedness activities systems 
and processes that enables individuals, communities, governments, businesses and others to 
take timely action to reduce disaster risks in advance of hazardous events (UNISDR 2017). 

Economic loss Total economic impact that consists of direct economic loss and indirect 
economic loss. 

Direct economic loss : the monetary value of total or partial destruction of physical assets 
existing in the affected area. Direct economic loss is nearly equivalent to physical 
damage. 

Indirect economic loss: a decline in economic value added as a consequence of direct eco¬ 
nomic loss and/or human and environmental impacts (UNISDR 2017). 

Ecosystem An ecosystem is a functional unit consisting of living organisms, their non-living 
environment and the interactions within and between them. The components included in a 
given ecosystem and its spatial boundaries depend on the purpose for which the ecosystem is 
defined: in some cases they are relatively sharp, while in others they are diffuse. Ecosystem 
boundaries can change over time. Ecosystems are nested within other ecosystems and their 
scale can range from very small to the entire biosphere. In the current era, most ecosystems 
either contain people as key organisms, or are influenced by the effects of human activities in 
their environment. 

Ecosystem approach The ecosystem approach is a strategy for the integrated management of 
land, water and living resources that promotes conservation and sustainable use in an equitable 
way (CBD 1992). 

Ecosystem services The benefits people obtain from ecosystems. These include provisioning 
services such as food and water; regulating services such as flood and disease control; cultural 
services such as spiritual, recreational, and cultural benefits; and supporting services such as 
nutrient cycling that maintain the conditions for life on Earth. The concept “ecosystem goods 
and services” is synonymous with ecosystem services (MEA 2005). 

Electricity The flow of passing charge through a conductor, driven by a difference in voltage 
between the ends of the conductor. Electrical power is generated by work from heat in a gas or 
steam turbine or from wind, oceans or falling water, or produced directly from sunlight using a 
photovoltaic device or chemically in a fuel cell. Being a current, electricity cannot be stored 
and requires wires and cables for its transmission (see grid). Because electric current flows 
immediately, the demand for electricity must be matched by production in real time 
(Verbruggen et al. 2011). 

Electricity generation The total amount of electricity generated by power only or combined 
heat and power plants including generation required for own use (also referred to as gross 
generation). Electricity production on the other hand is the total amount of electricity gen¬ 
erated by a power plant which includes own-use electricity, as well as transmission and 
distribution losses (OECD/IEA 2018). 

Elemental carbon Elemental carbon (EC), similar to black carbon, also refers to the major 
component of light-absorbing refractory carbonaceous matter. In most cases, these two terms 
are interchangeable. The measurement of EC is usually through thermal evolution and 
chemical determinations. 
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Emigration The act of leaving from one country with a view to settling in another. The 
person who emigrates is called an emigrant. 

Emissions Direct emissions are released and attributed at points in a specific renewable 
energy chain, whether a sector, a technology or an activity. For example, methane emissions 
from decomposing submerged organic materials in hydropower reservoirs, or the release of 
C0 2 dissolved in hot water from geothermal plants, or C0 2 from biomass combustion. Indirect 
emissions are due to activities outside the considered renewable energy chain but which are 
required to realize the renewable energy deployment. For example, emissions from increased 
production of fertilizers used in the cultivation of biofuel crops or emissions from displaced 
crop production or deforestation as the result of biofuel crops. Avoided emissions are emission 
reductions arising from mitigation measures like renewable energy deployment (Verbruggen 
et al. 2011). 

Emission control technology In order to reduce emissions of different pollutants, various 
technologies have been adopted, which are termed as emission control technologies. For 
example, catalysis technology was developed to reduce and detoxify the gasoline and diesel 
vehicle exhaust. In the industrial sectors, emission control technologies were also used to 
constrain emissions (S0 2 or VOCs) from coal fuel combustion. 

Energy The amount of work or heat delivered. Energy is classified in a variety of types and 
becomes available to human ends when it flows from one place to another or is converted from 
one type into another. Daily, the sun supplies large flows of radiation energy. Part of that 
energy is used directly, while part undergoes several conversions creating water evaporation, 
winds, etc. Some share is stored in biomass or rivers that can be harvested. Some share is 
directly usable such as daylight, ventilation or ambient heat. Primary energy (also referred to 
as energy sources) is the energy embodied in natural resources (e.g., coal, crude oil, natural 
gas, uranium, and renewable sources). Primary energy is transformed into secondary energy 
by cleaning (natural gas), refining (crude oil to oil products) or by conversion into electricity or 
heat. When the secondary energy is delivered at the end-use facilities it is called final energy 
(e.g., electricity at the wall outlet), where it becomes usable energy in supplying services (e.g., 
light) (Verbruggen et al. 2011). 

Energy access People are provided the ability to benefit from affordable, clean and reliable 
energy services for basic human needs (cooking and heating, lighting, communication, 
mobility) and productive uses (Verbruggen et al. 2011). 

Energy efficiency The ratio of useful energy or other useful physical outputs obtained from a 
system, conversion process, transmission or storage activity to the input of energy (measured 
as kWh/kWh, tonnes/kWh or any other physical measure of useful output like tonne-km 
transported, etc.). Energy efficiency is a component of energy intensity (Verbruggen et al. 
2011 ). 

Energy intensity The ratio of energy inputs (in Joules) to the economic output (in dollars) 
that absorbed the energy input. Energy intensity is the reciprocal of energy productivity. At the 
national level, energy intensity is the ratio of total domestic primary (or final) energy use to 
gross domestic product (GDP). Energy intensity is also used as a name for the ratio of energy 
inputs to output or performance in physical terms (e.g., tonnes of steel output, tonne-km 
transported, etc.) and in such cases, is the reciprocal of energy efficiency (Verbruggen et al. 
2011 ). 

EnergyPlus EnergyPlus refers to projects, programmes and interventions that promote basic, 
social (community) and productive uses of energy. The EnergyPlus approach promotes the 
productive use of energy: for generation of equitable employment and additional income; for 
meeting needs of existing and new enterprises; for community needs such as strengthened 
security and better access to education and health care, including through electricity for street 
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lighting, clinics and schools; and for lifestyle needs to improve living standards. In turn, the 
formula of EnergyPlus = Energy Access + Empowerment can be seen as contributing to 
overall sustainable human development and poverty reduction (UNDP 2015). 

Energy poverty It is defined in its broadest terms as the absence of sufficient choice in 
accessing adequate, affordable, reliable, high quality, safe and environmentally benign energy 
services to support economic and human development (Reddy 2000). There are several dif¬ 
ferent approaches to define and measure energy poverty ranging from simple access based 
(lack of access to modem energy services) to more complex quantity based approach (mini¬ 
mum amount of physical energy necessary for basic needs such as cooking and lighting) 
including expenditure based (households that spend more than a certain percent—generally 
above 10%—of their expenditure on energy) and consensual based perceived deprivation 
(households facing difficulties in order to meet basic energy services) with each having 
strengths and weakness. For the sake of simplicity, the Energy Outlook 2015 defines energy 
poverty as a lack of access to modern energy \services using two indicators at household level: 
lack of access to electricity and reliance on the traditional use of biomass for cooking. These 
services are defined as household access to electricity and clean cooking facilities (e.g. fuels 
and stoves that do not cause air pollution in houses) (OECD/IEA 2018). 4 

Energy savings Decreasing energy intensity by changing the activities that demand energy 
inputs. Energy savings can be realized by technical, organizational, institutional and stmctural 
actions and by changed behavior (Verbruggen et al. 2011). 

Energy security The goal of a given country, or the global community as a whole, to 
maintain an adequate energy supply. Measures encompass safeguarding access to energy 
resources; enabling development and deployment of technologies; building sufficient infras¬ 
tructure to generate, store and transmit energy supplies; ensuring enforceable contracts of 
delivery; and access to energy at affordable prices for a specific society or groups in society 
(Verbmggen et al. 2011). 

Energy services Energy services are the tasks to be performed using energy. A specific 
energy service such as lighting may be supplied by a number of different means from day- 
lighting to oil lamps to incandescent, fluorescent or light-emitting diode devices. The amount 
of energy used to provide a service may vary over a factor of 10 or more, and the corre¬ 
sponding greenhouse gas emissions may vary from zero to a very high value depending on the 
source of energy and the type of end-use device (Verbruggen et al. 2011). 

Energy transition It refers to the shift from current energy production and consumption 
systems, which rely primarily on non-renewable energy sources such as oil, natural gas and 
coal, to a more efficient, lower-carbon energy mix. According to the energy trilemma concept, 
the energy transitional challenges basically involves balancing three interwoven objectives: 
energy security (the reliability of energy supply must be ensured to meet current and future 
demand); energy equity (energy must be accessible around the world, particularly in emerging 
markets, at an affordable cost) and environmental sustainability (global warming calls for 
improved energy efficiency and the development of renewable and low-greenhouse gas 
(GHGs) energy sources (WEC 2016). 

Exposure The situation of people, infrastructure, housing, production capacities and other 
tangible human assets located in hazard-prone areas (UNISDR 2017). 

El Nino-Southern Oscillation (ENSO) The term El Nino was initially used to describe a 
warm-water current that periodically flows along the coast of Ecuador and Peru, disrupting the 
local fishery. It has since become identified with a basin-wide warming of the tropical Pacific 
Ocean east of the dateline. This oceanic event is associated with a fluctuation of a global-scale 


4 http://www.iea.org/topics/energypoverty/. 
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tropical and subtropical surface pressure pattern called the Southern Oscillation. This coupled 
atmosphere-ocean phenomenon, with preferred time scales of two to about seven years, is 
known as the El Nino-Southern Oscillation (ENSO). It is often measured by the surface 
pressure anomaly difference between Tahiti and Darwin or the sea surface temperatures in the 
central and eastern equatorial Pacific. During an ENSO event, the prevailing trade winds 
weaken, reducing upwelling and altering ocean currents such that the sea surface temperatures 
warm, further weakening the trade winds. This event has a great impact on the wind, sea 
surface temperature and precipitation patterns in the tropical Pacific. It has climatic effects 
throughout the Pacific region and in many other parts of the world, through global telecon¬ 
nections. The cold phase of ENSO is called La Nina. 

Emission scenario A plausible representation of the future development of emissions of 
substances that are potentially radiatively active (e.g., greenhouse gases (GHGs), aerosols) 
based on a coherent and internally consistent set of assumptions about driving forces (such as 
demographic and socio-economic development, technological change, energy and land use) 
and their key relationships. Concentration scenarios, derived from emission scenarios, are used 
as input to a climate model to compute climate projections. In IPCC (1992) a set of emission 
scenarios was presented which were used as a basis for the climate projections in IPCC (1996). 
These emission scenarios are referred to as the IS92 scenarios. In the IPCC Special Report on 
Emissions Scenarios (IPCC 2000b) emission scenarios, the so-called SRES scenarios, were 
published, some of which were used, among others, as a basis for the climate projections 
presented in Chaps. 9-11 of IPCC WGI TAR (IPCC 2001) and Chaps. 10 and 11 of 
IPCC WGI AR4 (IPCC 2007) as well as in the IPCC WGI AR5 (IPCC 2013). New emission 
scenarios for climate change, the four Representative Concentration Pathways, were devel¬ 
oped for, but independently of, the present IPCC assessment. See also Baseline/reference, 
Mitigation scenario and Transformation pathway (IPCC 2014a, b). 

Energy access Access to clean, reliable and affordable energy services for cooking and 
heating, lighting, communications and productive uses (AGECC 2010). 

Energy intensity The ratio of energy use to economic or physical output. 

Energy security The goal of a given country, or the global community as a whole, to 
maintain an adequate, stable and predictable energy supply. Measures encompass safeguarding 
the sufficiency of energy resources to meet national energy demand at competitive and stable 
prices and the resilience of the energy supply; enabling development and deployment of 
technologies; building sufficient infrastructure to generate, store and transmit energy supplies 
and ensuring enforceable contracts of delivery. 

Ensemble A collection of model simulations characterizing a climate prediction or projection. 
Differences in initial conditions and model formulation result in different evolutions of the 
modeled system and may give information on uncertainty associated with model error and 
error in initial conditions in the case of climate forecasts and on uncertainty associated with 
model error and with internally generated climate variability in the case of climate projections. 

Equilibrium Line Altitude (ELA) The spatially averaged altitude of the equilibrium line. 
The equilibrium line is a set of points on the surface of the glacier where the climatic mass 
balance is zero at a given moment. The equilibrium line separates the accumulation zone 
(where the glacier is gaining mass) from the ablation zone (where the glacier is losing mass): 
(modified after Cogley et al. 2011). 

Eutrophication Over-enrichment of water by nutrients such as nitrogen and phosphorus. It is 
one of the leading causes of water quality impairment. The two most acute symptoms of 
eutrophication are hypoxia (or oxygen depletion) and harmful algal blooms. 
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Exposure The presence of people, livelihoods, species or ecosystems, environ- mental 
functions, services, and resources, infrastructure, or economic, social, or cultural assets in 
places and settings that could be adversely affected. 

External forcing External forcing refers to a forcing agent outside the climate system causing 
a change in the climate system. Volcanic eruptions, solar variations and anthropogenic 
changes in the composition of the atmosphere and land-use change are external forcings. 
Orbital forcing is also an external forcing as the insolation changes with orbital parameters 
eccentricity, tilt and precession of the equinox. 

Extreme weather event An extreme weather event is an event that is rare at a particular place 
and time of year. Definitions of rare vary, but an extreme weather event would normally be as 
rare as or rarer than the 10th or 90th percentile of a probability density function estimated from 
observations. By definition, the characteristics of what is called extreme weather may vary 
from place to place in an absolute sense. When a pattern of extreme weather persists for some 
time, such as a season, it may be classed as an extreme climate event, especially if it yields an 
average or total that is itself extreme (e.g., drought or heavy rainfall over a season). 

Feedback See Climate feedback. 

Flood The overflowing of the normal confines of a stream or other body of water, or the 
accumulation of water over areas not normally submerged. Floods include river (fluvial) 
floods, flash floods, urban floods, pluvial floods, sewer floods, coastal floods and glacial lake 
outburst floods. 

Food accessibility It is defined as the access by individuals to adequate resources (entitle¬ 
ments) for acquiring appropriate foods for a nutritious diet. Entitlements are defined as the set 
of all commodity bundles over which a person can establish command given the legal, 
political, economic and social arrangements of the community in which they live (including 
traditional rights such as access to common resources) (FAO 2006). 

Food and nutrition security In 2012, Committee on World Food Security defined ‘food and 
nutrition security’ as the state that exists when all people, at all times, have physical, social and 
economic access to food which is consumed in sufficient quantity and quality to meet their 
dietary needs and food preferences, and is support by an environment of adequate sanitation, 
health services and care, allowing for a healthy and active life (FAO 2012a, b). 

Food availability Food availability addresses the “supply side” of food security and is 
determined by the level of food production, stock levels and net trade (FAO 2008). 

Food security Food security exists when all people, at all times, have physical and economic 
access to sufficient safe and nutritious food that meets their dietary needs and food preferences 
for an active and healthy life (FAO 1996). 

Food stability To be food secure, a population, household or individual must have access to 
adequate food at all times. They should not risk losing access to food as a consequence of 
sudden shocks (e.g. an economic or climatic crisis) or cyclical events (e.g. seasonal food 
insecurity). The concept of stability can therefore refer to both the availability and access 
dimensions of food security (FAO 2006). 

Food utilization Utilization of food through adequate diet, clean water, sanitation and health 
care to reach a state of nutritional well-being where all physiological needs are met. This 
brings out the importance of non-food inputs in food security (FAO 2006). 

Forest A vegetation type dominated by trees. Many definitions of the term forest are in use 
throughout the world, reflecting wide differences in biogeophysical conditions, social structure 
and economics. For a discussion of the term forest and related terms such as afforestation, 
reforestation and deforestation, see the IPCC Special Report on Fand Use, Fand-Use Change, 
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and Forestry (IPCC 2000a). See also information provided by the United Nations Framework 
Convention on Climate Change (UNFCCC 2013) and the Report on Definitions and 
Methodological Options to Inventory Emissions from Direct Human-induced Degradation of 
Forests and Devegetation of Other Vegetation Types (IPCC 2003, 2014a, b). 

Fossil fuel It is a generic term for non-renewable energy sources such as coal, coal products, 
natural gas, derived gas, crude oil, petroleum products and non-renewable wastes. These fuels 
originate from plants and animals that existed in the geological past (for example, millions of 
years ago). Fossil fuels can be also made by industrial processes from other fossil fuels (for 
example in the oil refinery, crude oil is transformed into motor gasoline) (OECD/IEA 2018). 5 

Gender analysis The systematic gathering and examination of information on gender dif¬ 
ferences and social relations in order to identify, understand and redress inequities based on 
gender. 

Gender mainstreaming An organisational strategy to bring a gender perspective to all 
aspects of an institution’s policy and activities, through building gender capacity and 
accountability. 

General circulation model See Climate model 

Glacier A perennial mass of ice, and possibly fim and snow, originating on the land surface 
by therecrystallization of snow or other forms of solid precipitation and showing evidence of 
past or present flow (Cogley et al. 2011). 

Glacierized Region or terrain, containing glaciers or covered by glacier ice today (Cogley 
et al. 2011). 

Glacier mass balance The change in the mass of a glacier over a stated span of time. The 
span of time is often a year or a season. The annual mass balance is the sum of accumulation 
and ablation over the mass-balance year, equivalent to the sum of annual accumulation and 
annual ablation (modified after Cogley et al. 2011). 

Global climate model (also referred to as general circulation model both abbreviated as 
GCM) See Climate model. 

Geothermal energy Accessible thermal energy stored in the Earth’s interior, in both rock and 
trapped steam or liquid water (hydrothermal resources), which may be used to generate electric 
energy in a thermal power plant, or to supply heat to any process requiring it. The main 
sources of geothermal energy are the residual energy available from planet formation and the 
energy continuously generated from radionuclide decay (Verbruggen et al. 2011). 

Governance Governance is a comprehensive and inclusive concept of the full range of means 
for deciding, managing and implementing policies and measures. Whereas government is 
defined strictly in terms of the nation-state, the more inclusive concept of governance, rec¬ 
ognizes the contributions of various levels of government (global, international, regional, 
local) and the contributing roles of the private sector, of nongovernmental actors and of civil 
society to addressing the many types of issues facing the global community (Verbruggen et al. 
2011 ). 

Greenhouse Gases (GHGs) Greenhouse gases are those gaseous constituents of the atmo¬ 
sphere, both natural and anthropogenic, that absorb and emit radiation at specific wavelengths 
within the spectrum of thermal infrared radiation emitted by the Earth’s surface, the atmo¬ 
sphere and clouds. This property causes the greenhouse effect. Water vapour (H 2 0), carbon 
dioxide (C0 2 ), nitrous oxide (N 2 0), methane (CH 4 ) and ozone (0 3 ) are the primary green¬ 
house gases in the Earth’s atmosphere. Moreover, there are a number of entirely human-made 


5 http://www.iea.org/about/glossary. 
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greenhouse gases in the atmosphere, such as the halocarbons and other chlorine- and 
bromine-containing substances, dealt with under the Montreal Protocol. Besides C0 2 , N 2 0 
and CH 4 , the Kyoto Protocol deals with the greenhouse gases sulphur hexafluoride (SF 6 ), 
hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs) (Verbruggen et al. 2011). 

Grid (electric grid electricity grid, power grid) A network consisting of wires, switches and 
transformers to transmit electricity from power sources to power users. A large network is 
layered from low-voltage (110-240 V) distribution, over intermediate voltage (1-50 kV) to 
high-voltage (above 50 kV to MV) transport subsystems. Interconnected grids cover large 
areas up to continents. The grid is a power exchange platform enhancing supply reliability and 
economies of scale (Verbruggen et al. 2011). 

Gross Domestic Product (GDP) The sum of gross value added, at purchasers’ prices, by all 
resident and non-resident producers in the economy, plus any taxes and minus any subsidies 
not included in the value of the products in a country or a geographic region for a given period, 
normally one year. It is calculated without deducting for depreciation of fabricated assets or 
depletion and degradation of natural resources (Verbruggen et al. 2011). 

Hard infrastructure Hard infrastructure is defined as transportation, energy, water and 
sanitation, and telecommunication as opposed to soft infrastructure (the institutional facilities 
used to deliver hard infrastructure through market and non-market economic, social, and 
political interactions) (Khan and Weiss 2006). 

Hazard The potential occurrence of a natural or human-induced physical event or trend or 
physical impact that may cause loss of life, injury, or other health impacts, as well as damage 
and loss to property, infrastructure, livelihoods, service provision, ecosystems and environ¬ 
mental resources. In this report, the term hazard usually refers to climate-related physical 
events or trends or their physical impacts. 

Heat wave A period of abnormally and uncomfortably hot weather. 

Human Development Index (HDI) The HDI allows the assessment of countries’ progress 
regarding social and economic development as a composite index of three indicators: 
(1) health measured by life expectancy at birth; (2) knowledge as measured by a combination 
of the adult literacy rate and the combined primary, secondary and tertiary school enrolment 
ratio; and (3) standard of living as gross domestic product per capita (in purchasing power 
parity). The HDI only acts as a broad proxy for some of the key issues of human development; 
for instance, it does not reflect issues such as political participation or gender inequalities 
(Verbruggen et al. 2011). 

Hydrological cycle The cycle in which water evaporates from the oceans and the land 
surface, is carried over the Earth in atmospheric circulation as water vapour, condenses to form 
clouds, precipitates over ocean and land as rain or snow, which on land can be intercepted by 
trees and vegetation, provides runoff on the land surface, infiltrates into soils, recharges 
groundwater, discharges into streams and ultimately flows out into the oceans, from which it 
will eventually evaporate again. The various systems involved in the hydrological cycle are 
usually referred to as hydrological systems. 

Hydropower The energy of water moving from higher to lower elevations that is converted 
into mechanical energy through a turbine or other device that is either used directly for 
mechanical work or more commonly to operate a generator that produces electricity. The term 
is also used to describe the kinetic energy of stream flow that may also be converted into 
mechanical energy of a generator through an in-stream turbine to produce electricity 
(Verbruggen et al. 2011). 

Immigration The act by which residents of a country move into another country for the 
purpose of settlement. The person who immigrates is called an immigrant. 
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Impacts (consequences, outcomes) Effects on natural and human systems. In this report, the 
term impacts is used primarily to refer to the effects on natural and human systems of extreme 
weather and climate events and of climate change. Impacts generally refer to effects on lives, 
livelihoods, health, ecosystems, economies, societies, cultures, services and infrastructure due 
to the interaction of climate changes or hazardous climate events occurring within a specific 
time period and the vulnerability of an exposed society or system. Impacts are also referred to 
as consequences and outcomes. The impacts of climate change on geophysical systems, 
including floods, droughts and sea level rise, are a subset of impacts called physical impacts. 

Indigenous people Indigenous people are variously known in different countries as ethnic 
minorities, minority populations, and tribal groups. The terms refer to social groups with a 
cultural identity distinct from the dominant groups, which makes them vulnerable to disad¬ 
vantage in the development process (IFAD 2002). 

Indo-Gangetic plains The Indo-Gangetic Plains is a 255 million hectare (630 million acres) 
plain region in the Indian subcontinent, stretching westward from (and including) the com¬ 
bined delta of the Brahmaputra River valley and the Ganges (Ganga) River to the Indus River 
valley. 

Industrial revolution A period of rapid industrial growth with far-reaching social and eco¬ 
nomic consequences, beginning in Britain during the second half of the 18th century and 
spreading to Europe and later to other countries including the United States. The invention of 
the steam engine was an important trigger of this development. The industrial revolution 
marks the beginning of a strong increase in the use of fossil fuels and emission of, in particular, 
fossil carbon dioxide (C0 2 ). In this report the terms pre-industrial and industrial refer, 
somewhat arbitrarily, to the periods before and after 1750, respectively. 

In-migration Migration of a person who enters into a geographically defined area from 
another within a country. 

Integrated assessment A method of analysis that combines results and models from the 
physical, biological, economic and social sciences and the interactions among these compo¬ 
nents in a consistent framework to evaluate the status and the consequences of environmental 
change and the policy responses to it. 

Intensive agriculture Intensive agriculture involves various types of agriculture with higher 
levels of input and output per unit of agricultural land area. It is characterized by a low fallow 
ratio, higher use of inputs such as capital and labor, and higher crop yields per unit land area. 
Source: https://en.wikipedia.org/wiki/Intensive_farming. 

Internal migration Migration that occurs within the political boundaries of a country. 

Internally displaced persons “Internally displaced persons are persons or groups of persons 
who have been forced or obliged to flee or to leave their homes or places of habitual residence, 
particularly as a result, or in order to avoid the effects, of armed conflict, situations of 
generalized violence, violations of human rights, or natural/human-made disasters, and who 
have not crossed an internationally recognized State border” (UN 1998). 

International migration Migration that occurs across the political countries of a country. It is 
a movement from one to another country. 

In-migrant A migrant person defined in relation to the place of destination. 

Internal variability See Climate variability. 
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Intersectionality This is the term used to define the intersecting of social differentiations and 
identities based on class, caste, ethnicity, age, and other factors with gender. 

Irregular migration International migration that takes place in violation of rules and laws of 
the origin, transit and destination countries. 

Karez Underground aqueduct that passively taps groundwater in the piedmont of the arid and 
semi-arid highlands. 

Kyoto protocol The Kyoto Protocol to the UNFCCC was adopted at the Third Session of the 
Conference of the Parties in 1997 in Kyoto. It contains legally binding commitments, in addition 
to those included in the UNFCCC. Annex B countries agreed to reduce their anthropogenic 
greenhouse gas emissions (C0 2 , methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons 
and sulphur hexafluoride) by at least 5% below 1990 levels in the commitment period 2008 to 
2012. The Kyoto Protocol came into force on 16 February 2005 (Verbruggen et al. 2011). 

Labour migration Migration of persons from one administrative area to another for the 
purpose of employment. 

Landscape approach Dealing with large-scale processes in an integrated and multidisci¬ 
plinary manner, combining natural resources management with environmental and livelihood 
considerations (FAO 2012a, b). 

Land use and land-use change Land use refers to the total of arrangements, activities and 
inputs undertaken in a certain land cover type (a set of human actions). The term land use is 
also used in the sense of the social and economic purposes for which land is managed (e.g., 
grazing, timber extraction and conservation). In urban settlements it is related to land uses 
within cities and their hinterlands. Urban land use has implications on city management, 
structure and form and thus on energy demand, green-house gas (GHG) emissions and 
mobility, among other aspects. 

Land-Use Change (LUC) Land-use change refers to a change in the use or management of 
land by humans, which may lead to a change in land cover. Land cover and land-use change 
may have an impact on the surface albedo, evapotranspiration, sources and sinks of green¬ 
house gases (GHGs), or other properties of the climate system and may thus give rise to 
radiative forcing and/or other impacts on climate, locally or globally. See also the IPCC 
Special Report on Land Use, Land-Use Change, and Forestry (IPCC 2000a). 

Last Glacial Maximum (LGM) The Last Glacial Maximum refers to the time of maximum 
extent of the ice sheets during the last glaciation, approximately 21 ka. This period has been 
widely studied because the radiative forcings and boundary conditions are relatively well 
known and because the global cooling during that period is comparable with the projected 
warming over the 21st century. 

Leakage Phenomena whereby the reduction in emissions (relative to a baseline) in a 
jurisdiction/sector associated with the implementation of mitigation policy is offset to some 
degree by an increase outside the jurisdiction/sector through induced changes in consumption, 
production, prices, land use and/or trade across the jurisdictions/sectors. Leakage can occur at 
a number of levels, be it a project, state, province, nation or world region. 

In the context of Carbon Dioxide Capture and Storage (CCS), C0 2 leakage refers to the 
escape of injected carbon dioxide (C0 2 ) from the storage location and eventual release to the 
atmosphere. In the context of other substances, the term is used more generically, such as for 
methane (CH 4 ) leakage (e.g., from fossil fuel extraction activities) and hydrofluorocarbon 
(HFC) leakage (e.g., from refrigeration and air- conditioning systems). 

Likelihood The chance of a specific outcome occurring, where this might be estimated 
probabilistically. Likelihood is expressed in this report using a standard terminology (Mas- 
trandrea et al. 2010). See also Confidence and Uncertainty. 
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Little Ice Age (LIA) An interval between approximately AD 1400 and 1900 when temper¬ 
atures in the Northern Hemisphere were generally colder than today’s, especially in Europe. 

Lock-in Lock-in occurs when a market is stuck with a standard even though participants 
would be better off with an alternative. In this report, lock-in is used more broadly as path 
dependence, which is the generic situation where decisions, events or outcomes at one point in 
time constrain adaptation, mitigation or other actions or options at a later point in time. 

Low regrets policy A policy that would generate net social and/or economic benefits under 
current climate and a range of future climate change scenarios. 

Maladaptive actions (or maladaptation) Actions that may lead to increased risk of adverse 
climate-related outcomes, increased vulnerability to climate change, or diminished welfare, 
now or in the future. 

Methane Methane is a chemical compound with the chemical formula CH 4 . It is a group-14 
hydride and the simplest alkane, and is the main constituent of natural gas. It could be 
produced from the decomposition of organic matter. It is one of the major greenhouse gases in 
the atmosphere, causing the global warming. 

Migration Migration is a change in the usual place of residence from one geographically 
defined territory to another either on permanent or semi-permanent basis. While migration is a 
move, migrant is a person who undertakes the move. 

Mitigation (of climate change) A human intervention to reduce the sources or enhance the 
sinks of greenhouse gases (GHGs). This report also assesses human interventions to reduce the 
sources of other substances which may contribute directly or indirectly to limiting climate 
change, including, for example, the reduction of particulate matter emissions that can directly 
alter the radiation balance (e.g., black carbon) or measures that control emissions of carbon 
monoxide, nitrogen oxides, Volatile Organic Compounds and other pollutants that can alter 
the concentration of tropospheric ozone which has an indirect effect on the climate. 

Mitigation scenario A plausible description of the future that describes how the (studied) 
system responds to the implementation of mitigation policies and measures. See also 
Baseline/reference, Emission scenario, Representative Concentration Pathways (RCPs), SRES 
scenarios and Transformation pathway. 

Monsoon A monsoon is a tropical and subtropical seasonal reversal in both the surface winds 
and associated precipitation, caused by differential heating between a continental-scale land 
mass and the adjacent ocean. Monsoon rains occur mainly over land in summer. 

Mountain specificities The concept of mountain specificities is tailored to capture the par¬ 
ticular challenges of mountain ecosystems (Jodha 1992). These specificities are classified as 
either constraining features, such as accessibility, marginality, and fragility; or enabling fea¬ 
tures such as diversity, niche, and human adaptation capacity. Within the mountain specificity 
framework, the term accessibility captures elements of distance, mobility, and availability of 
risk management options. Marginality refers to the relative endowments of a system. In a 
mountain system, marginality is created by slope/altitude, low resource productivity and 
reinforced by lack of social and political capital. Fragility can best be understood as the 
diminished capacity of a social or ecological system to buffer shocks. Diversity, niche, and 
adaptation capacity capture different coping abilities and strategies that emerge from NRM 
patterns, livelihood endowments, and cultural practices. 
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Multidimensional Poverty Index (MPI) The multidimensional poverty index (MPI) is an 
index of acute multidimensional poverty (Alkire and Santos 2010). It reflects deprivations in 
education to health outcomes to assets and services. It reveals a different pattern of poverty 
than income poverty, as it highlights deprivations directly. The MPI has three dimensions: 
health, education, and standard of living. These are measured using different indicators. 

Multi-hazard The selection of multiple major hazards that the country faces, and (2) the 
specific contexts where hazardous events may occur simultaneously, cascadingly or cumu¬ 
latively over time, and taking into account the potential interrelated effects (UNISDR 2017). 

Neglected and Underutilized Food Crops (NUFCs) These are food crops which are part of 
a larger diversity portfolio, were once more popular but today are neglected by the people 
(Adhikari et al. 2017). These crops continue to be grown, managed and collected in marginal 
locations because of their usefulness for local populations. The NUFCs in the HKH are mainly 
millets, sorghum, buckwheat, barley, beans, black gram, horse crop, taro, yam, amala and 
mammon. 

Off-grid Off-the-grid is a system and lifestyle designed to help people function without the 
support of remote infrastructure, such as an electrical grid (Vanini 2014). 

Organic carbon Organic carbon is the amount of carbon found in complex mixture of 
chemical compounds containing carbon-carbon bonds produced from fossil fuel and biofuel 
burning and natural biogenic emissions. 

Out-migrant A migrant person defined in relation to the place of origin. 

Out-migration Migration of a person who leaves a geographically defined area to another 
within a country. 

Ozone Ozone is an inorganic molecule with the chemical formula 0 3 and is a pale blue gas 
with a distinctively pungent smell. It is formed from dioxygen by the action of ultraviolet light 
and also atmospheric electrical discharges. Ozone is a powerful oxidant, making it a potent 
respiratory hazard and pollutant near ground level. On the other hand, the ozone layer (a 
portion of the stratosphere with a higher concentration of ozone) could prevent damag¬ 
ing ultraviolet light from reaching the Earth’s surface, to be beneficial for both plants and 
animals. 

Particulate matter Particulate matter, also known as atmospheric particulate matter or par¬ 
ticulates, or suspended particulate matter, are microscopic solid or liquid matter suspended in 
Earth's atmosphere. 

Permafrost Ground (soil or rock and included ice and organic material) that remains at or 
below 0 °C for at least two consecutive years. 

PM 2 .5 PM 2 5 are fine particles with an aerodynamic diameter of 2.5 pm or less. It is also 
known as fine particulate matter. PM 2 5 particles are small enough to be penetrated deep into 
the lungs. 

PMio PM 10 are particulate matters with an aerodynamic diameter of 10 pm or less. 

Potential pathways Potential pathways constitute a set of actions and combinations of 
actions that a decision maker (individual, country, business, policy maker) can take. Pathways 
usually differ in terms of trade-offs, opportunities and challenges, but still lead to the same 
outcome. 



Annex 1: Glossary 


599 


Poverty Poverty is a complex concept with several definitions stemming from different 
schools of thought. It can refer to material circumstances (such as need, pattern of deprivation 
or limited resources), economic conditions (such as standard of living, inequality or economic 
position) and/or social relationships (such as social class, dependency, exclusion, lack of basic 
security or lack of entitlement). 

Practical Gender Needs (PGNs) The immediate needs identified by women to assist their 
survival in their socially accepted roles, within existing power structures. PGNs do not directly 
challenge gender inequalities. 

Pre-industrial See Industrial Revolution. 

Preparedness The knowledge and capacities developed by governments, response and 
recovery organizations, communities and individuals to effectively anticipate, respond to and 
recover from the impacts of likely, imminent or current disasters (UNISDR 2017). 

Prevention Activities and measures to avoid existing and new disaster risks (UNISDR 2017). 

Primary pollutants Primary pollutants are usually produced from a process directly, such as 
carbon monoxide gas from motor vehicle exhaust, or the sulfur dioxide released directly from 
factories. 

Private costs Private costs are carried by individuals, companies or other private entities that 
undertake an action, whereas social costs include additionally the external costs on the 
environment and on society as a whole. Quantitative estimates of both private and social costs 
may be incomplete, because of difficulties in measuring all relevant effects. 

Productive role/work The productive role/work relates to work performed by women and 
men for pay in cash or kind (market production, informal production, home production, 
subsistence production). 

Projection A projection is a potential future evolution of a quantity or set of quantities, often 
computed with the aid of a model. Unlike predictions, projections are conditional on 
assumptions concerning, for example, future socio-economic and technological developments 
that may or may not be realized. See also Climate projection. 

Prosperous scenario Prosperous scenario represents HKH facing weak climate change, a 
socially, economically and politically stable region, and low ecosystem degradation. In the 
prosperous scenario, regional cooperation across sectors and across governing institutions 
enables mountain and downstream people to utilize a full range of ecosystem services people 
to enjoy sustainable livelihoods and economic growth. The diversity and uniqueness of the 
region’s natural resource assets, political life, and collaborative capacities are embraced. 
Biodiversity flourishes and the health of ecosystems improves. Climate change mitigation 
efforts largely succeed, as the regional economy shifts to clean and renewable sources for most 
of its energy needs. The impact of climate change reflects the IPCC’s moderate scenario. 

Purchasing Power Parity (PPP) The rate of currency conversion that equalizes the pur¬ 
chasing power of different currencies. It makes allowance for the differences in price levels 
and spending patterns between different countries (OECD/IEA 2018). 

Radiative forcing The strength of drivers is quantified as Radiative Forcing (RF) in units 
watts per square meter (W/m 2 ) as in previous IPCC assessments. RF is the change in energy 
flux caused by a driver and is calculated at the tropopause or at the top of the atmosphere. 
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Receptor model Atmospheric receptor model is multivariate statistical method to understand 
the nature of the source/receptor relationship, thereby identifying and apportioning sources of 
contaminants. The fundamental principle of receptor modeling is that mass conservation 
(balance) can be assumed. Currently, the Chemical Mass Balance (CMB), Principal Com¬ 
ponent Analysis (PCA) and Positive Matrix Factorization (PMF) methods are the most widely 
used receptor models. 

Reducing emissions from deforestation and forest degradation (REDD) An effort to 
create financial value for the carbon stored in forests, offering incentives for developing 
countries to reduce emissions from forested lands and invest in low-carbon paths to sustain¬ 
able development (SD). It is therefore a mechanism for mitigation that results from avoiding 
deforestation. REDD+ goes beyond reforestation and forest degradation and includes the role 
of conservation, sustainable management of forests and enhancement of forest carbon stocks. 
The concept was first introduced in 2005 in the 11th Session of the Conference of the Parties 
(COP) in Montreal and later given greater recognition in the 13th Session of the COP in 2007 
at Bali and inclusion in the Bali Action Plan which called for ‘policy approaches and positive 
incentives on issues relating to reducing emissions from deforestation and forest degradation 
in developing countries (REDD) and the role of conservation, sustainable management of 
forests and enhancement of forest carbon stock in developing countries’. Since then, support 
for REDD has increased and has slowly become a framework for action supported by a 
number of countries. 

Reforestation Planting of forests on lands that have previously contained forests but that have 
been converted to some other use. For a discussion of the term forest and related terms such as 
afforestation, reforestation and deforestation, see the IPCC Special Report on Land Use, 
Land-Use Change, and Forestry (IPCC 2000a). See also information provided by the United 
Nations Framework Convention on Climate Change (UNFCCC 2013). See also the Report on 
Definitions and Methodological Options to Inventory Emissions from Direct Human-induced 
Degradation of Forests and Devegetation of Other Vegetation Types (IPCC 2003, 2014a, b). 

Renewable energy Any form of energy from solar, geophysical or biological sources that is 
replenished by natural processes at a rate that equals or exceeds its rate of use. Renewable 
energy is obtained from the continuing or repetitive flows of energy occurring in the natural 
environment and includes low-carbon technologies such as solar energy, hydropower, wind, 
tide and waves and ocean thermal energy, as well as renewable fuels such as biomass. For a 
more detailed description see specific renewable energy types in this glossary, for example, 
biomass, solar, hydropower, ocean, geothermal and wind (Verbruggen et al. 2011). 

Representative Concentration Pathways (RCPs) Scenarios that include time series of 
emissions and concentrations of the full suite of greenhouse gases (GHGs) and aerosols and 
chemically active gases, as well as land use/land cover (Moss et al. 2008). The word repre¬ 
sentative signifies that each RCP provides only one of many possible scenarios that would lead 
to the specific radiative forcing characteristics. The term pathway emphasizes that not only the 
long-term concentration levels are of interest, but also the trajectory taken over time to reach 
that outcome (Moss et al. 2010). 

RCPs usually refer to the portion of the concentration pathway extending up to 2100, for 
which Integrated Assessment Models produced corresponding emission scenarios. 
Extended Concentration Pathways (ECPs) describe extensions of the RCPs from 2100 to 
2500 that were calculated using simple rules generated by stakeholder consultations and 
do not represent fully consistent scenarios. Four RCPs produced from Integrated 
Assessment Models were selected from the published literature and are used in the 
present IPCC Assessment as a basis for the climate predictions and projections presented 
in WGI AR5 Chaps. 11-14 (IPCC 2013): 
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RCP2.6 One pathway where radiative forcing peaks at approximately 3 W/m 2 before 
2100 and then declines (the corresponding ECP assuming constant emissions after 
2100 ). 

RCP4.5 and RCP6.0 Two intermediate stabilization pathways in which radiative forcing 
is stabilized at approximately 4.5 W/m 2 and 6.0 W/m 2 after 2100 (the corresponding 
ECPs assuming constant concentrations after 2150). 

RCP8.5 One high pathway for which radiative forcing reaches >8.5 W/m 2 by 2100 and 
continues to rise for some amount of time (the corresponding ECP assuming constant 
emissions after 2100 and constant concentrations after 2250) (IPCC 2014a, b). 

Reproductive role/work The reproductive role/work includes the care and maintenance of 
the actual and future workforce of the family (childbearing responsibilities and domestic 
tasks), which is mostly assigned to women (EIGE 2018). 

Remittances The earnings acquired by migrants/emigrants that are transferred back to the 
households at place of origin. It includes transfers from both domestic as well as abroad. 

Refugees A person who, “owing to a well-founded fear of persecution for reasons of race, 
religion, nationality, membership of a particular social group or political opinions, is outside 
the country of his nationality and is unable or, owing to such fear, is unwilling to avail himself 
of the protection of that country or who, not having a nationality and being outside the country 
of his former habitual residence as a result of such events, is unable or, owing to such fear, is 
unwilling to return to it.” (UNHCR 2010). 

Resilience The capacity of social, economic and environmental systems to cope with a 
hazardous event or trend or disturbance, responding or reorganizing in ways that maintain their 
essential function, identity and structure, while also maintaining the capacity for adaptation, 
learning and transformation. 

Return migration It denotes the movement of a migrant returning to his/her place of origin. 
The return may or may not be voluntary. 

Risk The potential for consequences where something of value is at stake and where the 
outcome is uncertain, recognizing the diversity of values. Risk is often represented as prob¬ 
ability or likelihood of occurrence of hazardous events or trends multiplied by the impacts if 
these events or trends occur. In this report, the term risk is often used to refer to the potential, 
when the outcome is uncertain, for adverse consequences on lives, livelihoods, health, 
ecosystems and species, economic, social and cultural assets, services (including environ¬ 
mental services) and infrastructure. 

Risk management The plans, actions or policies to reduce the likelihood and/or conse¬ 
quences of risks or to respond to consequences. 

Scenario A plausible description of how the future may develop based on a coherent and 
internally consistent set of assumptions about key driving forces (e.g., rate of technological 
change (TC), prices) and relationships. Note that scenarios are neither predictions nor fore¬ 
casts, but are useful to provide a view of the implications of developments and actions. 

Seasonal migration Seasonal migration is a movement which is undertaken during the part of 
a year depending upon seasonal requirement of work and conditions in the place of origin. 

Secondary pollutants Secondary pollutants are not emitted directly. Rather, they form in the 
air when primary pollutants react or interact. 



602 


Annex 1: Glossary 


Sequestration The uptake (i.e., the addition of a substance of concern to a reservoir) of 
carbon containing substances, in particular carbon dioxide (C0 2 ), in terrestrial or marine 
reservoirs. Biological sequestration includes direct removal of C0 2 from the atmosphere 
through land-use change (LUC), afforestation, reforestation, revegetation, carbon storage in 
landfill and practices that enhance soil carbon in agriculture (cropland management, grazing 
land management). In parts of the literature, but not in this report, (carbon) sequestration is 
used to refer to Carbon Dioxide Capture and Storage (CCS). 

Shared Socio-Economic Pathways (SSPs) Currently, the idea of SSPs is developed as a 
basis for new emissions and socio-economic scenarios. An SSP is one of a collection of 
pathways that describe alternative futures of socio-economic development in the absence of 
climate policy intervention. The combination of SSP-based socio-economic scenarios and 
Representative Concentration Pathway (RCP)-based climate projections should provide a 
useful integrative frame for climate impact and policy analysis. 

Short-lived climate pollutants SLCPs are defined as gases and particles that contribute to 
warming and that have a lifetime of a few days to approximately 10 years. These include black 
carbon (BC), tropospheric ozone (0 3 ) and its precursors CO, nmVOC and NOx, methane 
(CH 4 ), and some hydrofluorocarbons (HFCs). A characteristic of the climate effects of the 
short-lived climate pollutants, with the exception of the HFCs and to a certain extent CH4, is 
that it matters where in the world the emissions are released. They also significantly impact 
food, water and economic security for large populations throughout the world, both directly 
through their negative effects on public health, agriculture and ecosystems, and indirectly 
through their impact on the climate. 

Snow Water Equivalent (SWE) A measurement of the amount of water contained in a 
snowpack. It can be considered as the depth of water that would theoretically result if the 
entire snowpack was melted instantly. SWE is the product of snow depth and snow density. 

Social costs See Private costs. 

Socio ecological systems Social-ecological systems are complex, integrated systems in which 
humans are part of nature (Berkes and Folke 1994). 

Solar energy Energy from the Sun that is captured either as heat, as light that is converted 
into chemical energy by natural or artificial photosynthesis, or by photovoltaic panels and 
converted directly into electricity. Concentrating solar power (CSP) systems use either lenses 
or mirrors to capture large amounts of solar energy and focus it down to a smaller region of 
space. The higher temperatures produced can operate a thermal steam turbine or be used in 
high-temperature industrial processes. Direct solar energy refers to the use of solar energy as it 
arrives at the Earth’s surface before it is stored in water or soils. Solar thermal is the use of 
direct solar energy for heat end-uses, excluding CSP. Active solar needs equipment like 
panels, pumps and fans to collect and distribute the energy. Passive solar is based on structural 
design and construction techniques that enable buildings to utilize solar energy for heating, 
cooling and lighting by non-mechanical means (Verbruggen et al. 2011). 

Solar Home System (SHS) A stand-alone system composed of a relatively low-power 
photovoltaic module, a battery and sometimes a charge controller that can power small electric 
devices and provide modest amounts of electricity to homes for lighting and radios, usually in 
rural or remote regions that are not connected to the electricity grid. A SHS typically includes 
one or more PV modules consisting of solar cells, a charge controller which distributes power 
and protects the batteries and appliances from damage and at least one battery to store energy 
for use when the sun is not shining. 
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Springshed Land area that contributes flow to a spring via recharge. 

SRES scenarios SRES scenarios are emission scenarios developed by IPCC (2000a) and 
used, among others, as a basis for some of the climate projections shown in Chaps. 9-11 of 
IPCC WGI TAR (IPCC 2001), Chaps. 10 and 11 of IPCC WGI AR4 (IPCC 2007), as well as 
in the IPCC WGI AR5 (IPCC 2013, 2014a, b). 

Storm surge The temporary increase, at a particular locality, in the height of the sea due to 
extreme meteorological conditions (low atmospheric pressure and/or strong winds). The storm 
surge is defined as being the excess above the level expected from the tidal variation alone at 
that time and place. 

Storyline A narrative description of a scenario (or family of scenarios), highlighting the main 
scenario characteristics, relationships between key driving forces and the dynamics of their 
evolution. 

Strategic Gender Needs (SGNs) Chap. 14 The needs identified by women that require 
strategies for challenging male dominance and privilege. These needs may relate to inequal¬ 
ities in the gender division of labour, in ownership and control of resources, in participation in 
decision-making, or to experiences of domestic and other sexual violence. 

Structural change Changes, for example, in the relative share of gross domestic product 
(GDP) produced by the industrial, agricultural, or services sectors of an economy, or more 
generally, systems transformations whereby some components are either replaced or poten¬ 
tially substituted by other components. 

Sustainable energy Sustainable energy is a form of energy that meet our today’s demand of 
energy without putting them in danger of getting expired or depleted and can be used over and 
over again. 6 

Sustainability Sustainability is generally defined as a system’s overall ability to meet present 
human needs without compromising the ability of future generations to meet their needs. 
Sustainability has three main pillars: social, environmental, and economic. These three pillars 
are often informally referred to as people, planet and profits (Beattie 2017). 

Sustainable development Development that meets the needs of the present without com¬ 
promising the ability of future generations to meet their own needs (WCED 1987). Sustainable 
development is characterized by social/sociocultural equity, environmental protection, and 
economic viability. Sustainable development is the pathway to sustainability. 

Sustainable development goals The Sustainable Development Goals (SDGs), also known as 
Global Goals, constitute a universal call to action to end poverty, protect the planet, and ensure 
that all people enjoy peace and prosperity. These 17 Goals build on the successes of 
the Millennium Development Goals, while also including new areas such as climate change, 
economic inequality, innovation, sustainable consumption, peace, justice, and other priorities. 
The SDGs are interconnected—often, key to success for one involves tackling issues more 
commonly associated with another (UNDP 2018). 

Temporary migration Temporary migration is a short-term migration including seasonal 
migration. While all seasonal migrations are temporary migration, all temporary migrations are 
not seasonal in nature. 


6 https://sustainabledevelopment.un.org/. 
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Transformation A change in the fundamental attributes of natural and human systems. 

Transformation pathway The trajectory taken over time to meet different goals for green¬ 
house gas (GHG) emissions, atmospheric concentrations, or global mean surface temperature 
change that implies a set of economic, technological and behavioural changes. This can 
encompass changes in the way energy and infrastructure are used and produced, natural 
resources are managed and institutions are set up and in the pace and direction of technological 
change (TC). See also Baseline/reference, Emission scenario, Mitigation scenario, Repre¬ 
sentative Concentration Pathways (RCPs) and SRES scenarios. 

Tree rings Concentric rings of secondary wood evident in a cross section of the stem of a 
woody plant. The difference between the dense, small-celled late wood of one season and the 
wide-celled early wood of the following spring enables the age of a tree to be estimated, and 
the ring widths or density can be related to climate parameters such as temperature and 
precipitation. 

Tropospheric ozone Tropospheric (or ground-level) ozone (0 3 ) is the ozone present in the 
lowest portion of the atmosphere (up to 10-15 km above the ground) that is harmful to the 
people and the ecosystem. 

Uncertainty A state of incomplete knowledge that can result from a lack of information or 
from disagreement about what is known or even knowable. It may have many types of 
sources, from imprecision in the data to ambiguously defined concepts or terminology, or 
uncertain projections of human behaviour. Uncertainty can therefore be represented by 
quantitative measures (e.g., a probability density function) or by qualitative statements (e.g., 
reflecting the judgment of a team of experts) (see Moss and Schneider 2000; Manning et al. 
2004; Mastrandrea et al. 2010). See also Confidence and Likelihood (IPCC 2014a, b). 

Vulnerability The propensity or predisposition to be adversely affected. Vulnerability 
encompasses a variety of concepts and elements including sensitivity or susceptibility to harm 
and lack of capacity to cope and adapt. 

Water-energy-food nexus Inter-relation among water, energy, and food as resources, insti¬ 
tutions for their management, and security. 

Water security The capacity of HKH populations to safeguard sustainable access to adequate 
quantities of acceptable quality water for resilient societies and ecosystems, to ensure pro¬ 
tection against water-borne pollution and water-related disasters, and to adapt to uncertain 
global change—in a regional climate of peace and political stability. 

Wind energy Kinetic energy from air currents arising from uneven heating of the Earth’s 
surface. A wind turbine is a rotating machine including its support structure for converting the 
kinetic energy to mechanical shaft energy to generate electricity. A windmill has oblique vanes 
or sails and the mechanical power obtained is mostly used directly, for example, for water 
pumping. A wind farm, wind project or wind power plant is a group of wind turbines 
interconnected to a common utility system through a system of transformers, distribution lines, 
and (usually) one substation (Verbruggen et al. 2011). 
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AAB 

AAGR 

ABC 

ACAM 

ACRE 

ADB 

ADP 

AEPC 

AIRD 

AJK 

AKAH 

AKF 

AKRSP 

AMP 

AMS 

ANBSAP 

AOD 

AOGCM 

APCAP 

APHCA 

AR5 

ARCAB 

ARI 

ATP 

ATREE 

AWDO 

BAU 

BBIN 

BBS 

BC 

BCAS 

BCCRF 

BCCSAP 

BCCTF 

BEOE 

BIMSTEC 

BLSS 

BMC 

BMET 


Action Aid Bangladesh 
Average Annual Growth Rate 
Atmospheric brown cloud 

Atmospheric Composition and the Asian Monsoon 

Atmospheric Circulation Reconstructions over the Earth 

Asian Development Bank 

Annual Development Plan 

Alternate Energy Promotion Centre 

Adaptation and Impacts Research Division 

Azad Jammu and Kashmir 

Aga Khan Agency for Habitat 

Aga Khan Foundation 

Aga Khan Rural Support Programme 

Aid Management Policy 

Accelerator Mass Spectrometry 

Afghanistan’s National Biodiversity Strategy and Action Plan 
Aerosol optical depth 

Atmosphere-Ocean General Circulation Models 
Asia Pacific Clean Air Partnership 

Animal Production and Health Commission for Asia and the Pacific 
Assessment Report 5 

Action Research for Community Adaptation in Bangladesh 
Acute respiratory infections 
Annual total precipitation 

Ashoka Trust for Research in Ecology and Environment 
Asian Water Development Outlook 
Business as Usual 

Bhutan, Bangladesh, India, and Nepal 
Bangladesh Bureau of Statistics 
Black carbon 

Bangladesh Centre for Advanced Studies 
Bangladesh Climate Change Resilience Fund 
Bangladesh Climate Change Strategy and Action Plan 
Bangladesh Climate Change Trust Fund 
Bureau of Emigration and Overseas Employment 

Bengal Initiative for Multi-Sectoral Technical and Economic Cooperation 

Bhutan Living Standard Survey 

Biodiversity Management Committee 

Bureau of Manpower Employment and Training 
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BMZ 

BOD 

BOM 

BP 

BRACED 

BrC 

BRICS 

BTEX 

BWSI 

CAM 

CAPA 

CARE 

CAS 

CBA 

CBD 

CBFEWS 

CBOs 

CBNRM 

CBS 

CCA 

CCAC 

CCAF 

CCAP 

CCCma 

CCCR 

CCD 

CCN 

CCSAP 

CDKN 

CDM 

CEA 

CEDAW 

CEMORD 

CERFACS 

CERN 

CF 

CFIs 

CFP 

CFUGs 

CGC 

CGIAR 

CHEA 

CHT 

CIA 

CICERO 

CIFOR 

CII 

CITES 

CLA 

CLRTAP 

CMA 


Federal Ministry for Economic Cooperation and Development (Germany) 
Biochemical Oxygen Demand 
Bureau of Meteorology 
Before Present 

Building Resilience and Adaptation to Climate Extremes and Disasters 
Brown carbon 

Association of Brazil, Russia, India, China and South Africa 

Benzene, toluene, ethylbenzene, xylenes 

Bhutan Water Security Index 

Climate Anomaly Method 

Community Adaptation Plans of Action 

Cooperative for Assistance and Relief Everywhere 

Chinese Academy of Sciences 

Community Based Adaptation 

Convention on Biological Diversity 

Community-based flood early warning system 

Community Based Organizations 

Community-based Natural Resources Management 

Central Bureau of Statistics 

Community Conserved Areas 

Climate and Clean Air Coalition 

Climate Change, Agriculture and Food Security 

Centre for Chinese Agriculture Policy 

Canadian Centre for Climate Modelling and Analysis 

Centre for Climate Change Research 

Climate Change Division 

Cloud condensation nuclei 

Climate Change Strategy and Action Plan 

Climate Development Knowledge Network 

Clean Development Mechanism 

Central Electricity Authority, Government of India 

Convention on All Forms of Discrimination on Women 

Center for Mountain Research Development 

Centre Europeen de Recherche et de Formation Avancee en Calcul 

Scientifique 

Chinese Ecosystem Research Network 
Community Forestry 
Community Forestry Instructions 
Community Forestry Programme 
Community Forest User Groups 
Centre for Global Change 

Consultative Group for International Agricultural Research 
Central Himalayan Environment Association 
Chittagong Hill Tracts 
Central Intelligence Agency 

Center for International Climate and Environmental Research—Oslo 
Center for International Forestry Research 
Confederation of Indian Industry 

Convention on International Trade in Endangered Species of Wild Fauna and 
Flora 

Crop-livestock Agriculture 

Convention on Long-Range Transboundary Air Pollution 
China Meteorological Administration 
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CMIP 

CMIP5 

CNG 

CNRM 

CNY 

co 2 

CO 

COP 

COP21 

COPD 

CORDEX 

COSMO 

CP 

CPCB 

CPEIR 

CPRs 

CR 

CRED 

CREP 

CRISPR 

CRU 

CSA 

CSIRO 

CSOs 

CSR 

CUTS 

CVCA 

CVI 

CWC 

DABS 

DALYs 

DEM 

DFID 

DFOs 

DHPS 

DHS 

DLSOs 

DNV GL 

DoE 

DoE 

DoFE 

DOI 

DoP 

DPF 

DPIA 

DRD 

DRR 

DTR 

EANET 

EBA 

EBHR 

EC 

EC 


Couple Model Intercomparison Project 
Coupled Model Intercomparison Project, Version 5 
Compressed natural gas 

Centre National de Recherches Meteorologiques 

Chinese currency 

Carbon Dioxide 

Carbon monoxide 

Conference of the Parties 

UNFCCC Conference of Parties 21 

Chronic obstructive pulmonary disease 

Coordinated Regional Downscaling Experiment 

Consortium for Small-scale Modeling 

Current Policies 

Central Pollution Control Board 

Climate Public Expenditure and Institutional Reviews 

Common Pool Resources 

Critically endangered 

Centre for Research on the Epidemiology of Disasters 
Community Rural Electrification Programme 
Clustered Regularly Interspaced Short Palindromic Repeats 
Climate Research Unit 
Climate Smart Agriculture 

Commonwealth Scientific and Industrial Research Organisation 

Civil Society Organizations 

Corporate Social Responsibility 

Consumer Unity & Trust Society 

Climate Vulnerability and Capacity Analysis 

Climate Vulnerability Index 

Central Water Commission, Government of India 

Da Afghanistan Breshna Sherkat 

Disability-Adjusted Life Years 

Digital Elevation Model 

United Kingdom Department for International Development 
District Forest Offices 

Department of Hydropower and Power Systems 

Demographic and Health Survey 

District Livestock Service Offices 

Det Norske Veritas Germanischer Lloyd 

Department of Energy 

Department of Environment 

Department of Foreign Employment 

Digital Object Identifier 

Department of Population 

Diesel particulate filter 

Daily Precipitation Intensity Anomalies 

Department of Rural Development 

Disaster Risk Reduction 

Diurnal Temperature range 

Acid Deposition Monitoring Network in East Asia 
Ecosystem Based Adaptation 
European Bulletin of Himalayan Research 
Elemental carbon 
European Consortium 
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EC 

Ecosystems 

ECA 

European Climate Assessment 

EDGAR 

Emissions Database for Global Atmospheric Research 

EDW 

Elevation Dependent Warming 

EF 

Environmental Flows 

EFLG 

Environment-Friendly Local Governance 

EHP 

Elevated Heat Pump 

EM-DAT 

The Emergency Events Database 

EN 

Endangered 

ENSO 

El Nino-Southern Oscillation 

ERD 

Economics and Research Department 

ES 

Ecosystem Services 

ESAP 

Energy Sector Assistance Program 

ESCAP 

Economic and Social Commission for Asia and the Pacific 

ESCO 

Energy Service Company 

ESGF 

Earth System Grid Federation 

ESV 

Ecosystem Services Value 

ET 

Evapotranspiration 

ETCCDI 

Expert Team on Climate Change Detection and Indices 

EU 

European Union 

FAO 

Food and Agriculture Organization 

FATA 

Federally Administered Tribal Areas 

FCBTK 

Fixed Chimney Bull’s Trench Kiln 

FECOFUN 

Federation of Community Forest Users-Nepal 

FD 

Frost Days 

FD 

Forest Department 

FFC 

Federal Flood Commission 

FIT 

Feed-in Tariffs 

FMIS 

Farmer Managed Irrigation Systems 

FPE 

Feminist Political Ecology 

FS 

Food Security 

FSF 

Future Smart Food 

FW 

Fortress World 

FYPs 

Five Year Plans 

GAINS 

Greenhouse Gas—Air Pollution Interactions and Synergies 

GB 

Gilgit-Baltistan 

GBPNIHESD 

GB Pant National Institute of Himalayan Environment and Sustainable 
Development 

GCC 

Gulf Coast Countries 

GCESS 

Global Change and Earth System Science 

GCM 

General Circulation Models 

GCM 

Global Climate Model 

GCOS 

Global Climate Observing System 

GDP 

Gross Domestic Product 

GEA 

Global Energy Assessment 

GEF 

Global Environmental Facility 

GEH 

Gross Enrolment Ratio in Higher Education 

GEnS 

Global Environmental Stratification 

GEO 

Global Environmental Outlooks 

GFDL 

Geophysical Fluid Dynamics Laboratory 

GFDRR 

Global Facility for Disaster Reduction and Recovery 

GGCA 

Global Gender and Climate Alliance 

GHCND 

Global Historical Climatology Network-Daily 
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GHCM 

GHG 

GII 

GIS 

GIRoA 

GIZ 

GLDP 

GLIMS 

GLMP 

GLOFs 

GLSAT 

GM 

GMS 

GNH 

GoB 

Gol 

GoN 

GoP 

GPS 

GSOD 

GT 

GTN-G 

GTN-P 

GTOS 

GW 

GWh 

HAP 

Hb 

HC1 

HDI 

HF 

HFCs 

HH 

HIES 

HIMAP 

HKH 

HKH-TP 

HMA 

HSE 

HVDC 

HYCOS 

I&M 

IAS 

ICARDA 

ICCCAD 

ICDP 

ICHEC 

ICIMOD 

ICRAF 

ICRMW 

ICS 

ICSU 


Global Historical Climatology Network 

Green House Gas 

Gender Inequality Index 

Geographic Information System 

Government of the Islamic Republic of Afghanistan 

Deutsche Gesellschaft fur Internationale Zusammenarbeit 

Global Land Daily Precipitation 

Global Land Ice Measurements from Space 

Global Land Monthly Precipitation 

Glacial Lake Outburst Floods 

Global Land Surface Air Temperature 

Genetically Modified Organisms 

Greater Mekong Sub-Region 

Gross National Happiness 

Government of Bangladesh 

Government of India 

Government of Nepal 

Government of Pakistan 

Global Positioning System 

Global Surface Summary of the Day 

Great Transitions 

Global Terrestrial Network for Glaciers 

Global Terrestrial Network for Permafrost 

Global Terrestrial Observing System 

Gigawatts 

Gigawatt hours 

Household Air Pollution 

Hemoglobin 

Hydrogen Chloride 

Human Development Index 

Hydrogen Fluoride 

Hydrofluorocarbons 

Household 

Household Integrated Economic Survey 

Hindu Kush Himalayan Monitoring and Assessment Programme 
Hindu Kush Himalaya 

Hindu Kush-Himalaya-Tibetan Plateau-Pamir 
High Mountain Asia 
High School Education 
High-Voltage Direct Current 
Hydrological Cycle Observing System 
Inspection and Maintenance 
Invasive Alien Species 

International Center for Agricultural Research in the Dry Areas 

International Centre for Climate Change and Development 

Integrated Conservation and Development Programme 

Irish Centre for High-End Computing 

International Centre for Integrated Mountain Development 

International Centre for Research in Agroforestry 

International Convention on the Protection of the Rights of all Migrant 

Workers and the Members of their Families 

Improved Cook Stoves 

International Council for Science 
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ICT 

ICTP 

IDCOL 

IDEC 

IDP 

IDRC 

IEA 

IEMP 

IFAD 

IFC 

IFSD 

IGP 

IGSNRR 

IHCLA 

IIED 

IIMA 

IITM 

ILO 

ILRI 

IMF 

INCCA 

INDC 

INDOEX 

I/NGOs 

INM 

INR 

IOD 

IOM 

IPBES 

IPCC 

IPGRI 

IPSE 

IR 

ISDR 

ISET 

ISMWRA 

ISO 

IT 

IUCN 

IWRM 

JETC 

JFM 

JFMCs 

JICA 

JRC 

KBA 

KES 

KPK 

KSLCDI 

ktoe 

kV 

kWh 


Information and Communication Technology 
International Centre for Theoretical Physics 
Infrastructure Development Company Ltd. 

International Development and Cooperation 

Internally Displaced Population 

International Development Research Centre 

International Energy Agency 

International Ecosystem Management Partnership 

International Fund for Agricultural Development 

International Finance Corporation 

Institute for Studies and Development Worldwide 

Indo-Gangetic Plains 

Institute of Geographic Sciences and Natural Resources Research 

Integrated Household Living Condition Assessment 

International Institute for Environment and Development 

Indian Institute of Management Ahmedabad 

Indian Institute of Tropical Meteorology 

International Labour Organization 

International Livestock Research Institute 

International Monetary Fund 

Indian Network for Climate Change Assessment 

Intended Nationally Determined Contributions 

Indian Ocean Experiment 

Intemational/Non-Govemment Organizations 

Institute of Numerical Mathematics 

Indian Rupee 

Indian Ocean Dipole 

International Organization for Migration 

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 
Services 

Intergovernmental Panel on Climate Change 
International Plant Genetic Resources Institute 
Institut Pierre-Simon Laplace 
Intense Rain 

International Strategy for Disaster Reduction 

Institute for Social and Environmental Transition 

Inter-state Migrant Workmen Regulation Act 

International Organization for Standardization 

Information Technology 

International Union for Conservation of Nature 

Integrated Water Resources Management 

Joint Expert Technical Committee 

Joint Forest Management 

Joint Forest Management Committees 

Japan International Cooperation Agency 

Joint Rivers Commission 

Key Biodiversity Areas 

Kenyan Shilling 

Khyber Pakhtunkhwa 

Kailash Sacred Landscape Conservation and Development Initiative 
kiloton of oil equivalent 
kilovolt 
kilowatt hour 



L&D 

Loss and Damage 

LAPA 

Local Adaptation Plan of Action 

LC 

Least Concern 

LDCs 

Least Developed Countries 

LDRRF 

Local Disaster Risk Reduction Fund 

LEAD 

Leadership for Environment & Development 

LED 

Light-Emitting Diode 

LFP 

Livelihoods and Forestry Programme 

LGM 

Last Glacial Maximum 

LH 

Livelihoods 

LHF 

Leasehold Forestry 

LIA 

Little Ice Age 

LI-BIRD 

Local Initiatives for Biodiversity, Research and Development 

LLOF 

Landslide Lake Outburst Flood 

local 

Local Climate Adaptive Living Facility 

LPG 

Liquefied Petroleum Gas 

LR 

Light rain 

LULC 

Land Use and Land Cover 

LULCC 

Land Use and Land Cover Change 

m 2 

square meter 

MA 

Millennium Ecosystem Assessment 

MACH 

Management of Aquatic Resources through Community Husbandry 

MAPDRR 

Myanmar Action Plan on Disaster Risk Reduction 

masl 

meters above sea level 

MC 

Mekong Committee 

MCBTK 

Moveable Chimney Bull’s Trench Kiln 

MCMC 

Markov Chain Monte Carlo 

MDGs 

Millennium Development Goals 

MEs 

Medium scale Enterprise 

MEP 

Ministry of Environmental Protection 

MEW 

Ministry of Energy and Water 

MF 

Market Forces 

MICS 

Multiple Indicator Cluster Survey 

MIROC 

Model for Interdisciplinary Research on Climate 

MJO 

Madden-Julian Oscillation 

MLD 

Million Litres per Day 

MLE 

Mass-loss Equivalent 

ML VI 

Multidimensional Livelihood Vulnerability Index 

MNRE 

Ministry of New and Renewable Energy 

MoA 

Ministry of Agriculture 

MoAF 

Ministry of Agriculture and Forests 

MoCC 

Ministry of Climate Change 

MODIS 

Moderate Resolution Remote Sensing Imagery 

MoE 

Ministry of Environment 

MoEA 

Ministry of Economic Affairs 

MoECF 

Ministry of Environmental Conservation and Forestry 

MoEF 

Ministry of Environment and Forests 

MoEF 

Ministry of Environment Forests & Climate 

MoEPC 

Ministry of Environmental Protection of China 

MoFSC 

Ministry of Forests and Soil Conservation 

MOHC 

Met Office Hadley Centre 

MoEWOE 

Ministry of Expatriates’ Welfare and Overseas Employment 

MoHRSS 

Ministry of Human Resources and Social Security 
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Mol 

MOIA 

MoL 

MoLE 

MoLES 

MoLHR 

MoLIP 

MoLSAMD 

MoNREC 

MoPE 

MoPIT 

MoSTE 

MoSWRR 

MoU 

MoUD 

MPI 

MPIM 

MPM-HKH 

MR 

MRC 

MRRD 

MtC0 2 

MW 

n 2 o 

NA 

NAFCC 

NAMaSTE 

NAO 

NAP 

NAPA 

NAPCC 

NARC 

NBCI 

NBI 

NBSC 

NCAR 

NCC 

NCD 

NCEP 

NCO-P 

NCSA 

NDCs 

NDMA 

NDRC 

NDVI 

NE 

NEA 

NEC 

NEPA 

NER 

NFCP 

NFSA 


Ministry of Industry 

Ministry of Overseas Indians 

Ministry of Labour 

Ministry of Labour and Employment 

Ministry of Labour, Employment and National Security 

Ministry of Labour & Human Resources 

Ministry of Labour, Immigration and Population 

Ministry of Labour, Social Affairs, Martyrs and Disabled 

Ministry of Natural Resources and Environmental Conservation 

Ministry of Population and Environment 

Ministry of Physical Infrastructure & Transport 

Ministry of Science, Technology and Environment 

Ministry of Social Welfare Relief and Resettlement 

Memorandum of Understanding 

Ministry of Urban Development 

Multidimensional Poverty Index 

Max Planck Institute for Meteorology 

Multidimensional Poverty Measure for the Hindu Kush Himalaya 

Moderate rain 

Mekong River Commission 

Ministry of Reconstruction and Rural Development 

Million ton of carbon dioxide 

Megawatt 

Nitrous oxide 

Not Available 

National Adaptation Fund for Climate Change 

Nepal Ambient Monitoring and Source Testing Experiment 

North Atlantic Oscillation 

National Adaptation Plan 

National Adaptation Programme of Action 

National Action Plan on Climate Change 

National Agricultural Research Council 

National Biomass Cookstove Initiative 

Nile Basin Initiative 

National Bureau of Statistics of China 

National Center for Atmospheric Research 

Norwegian Climate Centre 

Nature Conservation Division 

National Centers for Environmental Prediction 

Nepal Climate Observatory—Pyramid 

National Capacity Needs Self-assessment for Global Environmental 
Management 

Nationally Determined Contributions 

National Disaster Management Authority 

National Development and Reform Commission 

Normalized Difference Vegetation Index 

Not Evaluated 

Nepal Electricity Authority 

National Environment Commission 

Nepal Environmental Protection Agency 

Net Enrolment Ratio 

Natural Forest Conservation Program 

National Food Security Act (India) 
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NGOs 

Non-govemmental organizations 

NIDS 

Nepal Institute of Development Studies 

NISP 

National Improved Stove Programme 

NIWE 

National Institute of Wind Energy 

NIWRMP 

National Integrated Water Resource Management Plan 

NLG 

National Leading Group 

NLSS 

Nepal Living Standards Survey 

NMHS 

National Mission for Himalayan Studies 

NMI 

Normalized Melt Index 

NMSHE 

National Mission for Sustaining the Himalayan Ecosystem 

NMVOCs 

Non-methane Volatile Organic Compounds 

NO 

Nitric oxide 

no 2 

Nitrogen dioxide 

NOAA 

National Oceanic and Atmospheric Administration 

NOx 

Nitrogen oxides 

NP 

New Policies 

NPC 

National Planning Commission, Nepal 

NPC 

National People’s Congress 

NPIC 

National Programme for Improved Chulhas 

NPS 

Non-Point Source 

NPR 

Nepalese Rupee 

NRDCL 

Natural Resource Development Corporation Limited 

NRM 

Natural Resource Management 

NRVA 

National Risk and Vulnerability Assessment 

NS 

National Surveys 

NSF 

National Science Foundation 

NSS 

National Sample Survey 

NSSO 

National Sample Survey Organization 

NT 

Near Threatened 

NTFPs 

Non-Timber Forest Products 

NUFCs 

Neglected and Underutilized Food Crops 

NUS 

Neglected and underutilized species 

O&M cost 

Organization and management cost 

0 3 

Ozone 

oc 

Organic Carbon 

ODI 

Overseas Development Institute 

OECD 

Organization for Economic Co-operation and Development 

OIFC 

Overseas Indian Facilitation Centre 

OPHI 

Oxford Poverty and Human Development Initiative 

PA 

Precipitation Anomaly 

PA 

Protected Area 

PAHs 

Polycyclic Aromatic Hydrocarbons 

PCFV 

Partnership for Clean Fuels and Vehicles 

PCR-VCA 

Participatory Climate Risk Vulnerability and Capacity Assessment 

PCW 

Protection of Children and Women 

PDMA 

Provincial Disaster Management Authority 

PES 

Payment for Environmental Services 

PFM 

Participatory Forest Management 

PHE 

Public Health Engineering 

PJ 

petajoule 

PKR 

Pakistani Rupee 

PM 

Particulate Matter 

PM 10 

Particulate Matter with a diameter of 10 pm or less 
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PM 2 .5 

PMUY 

POE 

PPA 

PPA’s 

PPB 

PPCR 

PPP 

PRC 

PRECIS 

PSA 

PSLM 

PTR-ToF-MS 

PV 

PVA 

QCCCE 

QOMS 

R&D 

RCM 

RCP 

RE 

REAS 

RECAST 

REDD+ 


REDP 

RETs 

RGI 

RGOB 

RHRP 

RMMRU 

ROSCA 

RVCC 

SAARC 

SACEP 

SAFTA 

SAPCC 

SAPP 

SASEC 

SAWTEE 

SCA 

SCCF 

SCF 

SCD 

SDC 

SDG 

SDGs 

SDG 2 

SDG 7 

SDII 

SDMC 

SE4A11 


Particulate Matter with a diameter of 2.5 jam or less 

Pradhan Mantri Ujjwala Yojana 

Protectorate of Emigrants 

Precipitation Percent Anomaly 

Power Purchase Agreements 

Participatory Plant Breeding 

Pilot Program for Climate Resilience 

Purchasing Power Parity 

Pew Research Center 

Providing Regional Climates for Impact Studies 

Precipitation Standardized Anomalies 

Pakistan Social and Living Standards Measurement 

Proton-Transfer-Reaction-Time-of-Flight-Mass-Spectrometry 

Photovoltaic 

Poverty and Vulnerability Assessment 

Queensland Climate Change Centre of Excellence 

Qomolangma Station 

Research and Development 

Regional Climate Models 

Representative Concentration Pathway 

Renewable Energy 

Regional Emissions inventory in Asia 

Research Center for Applied Sciences & Technology 

Reduce Emission from Deforestation and Forest Degradation, and foster 

conservation, sustainable management of forests, and enhancement of forest 

carbon stocks 

Rural Energy Development Program 

Renewable Energy Technologies 

Randolph Glacier Inventory 

Royal Government of Bhutan 

Rural Housing Reconstruction Program 

Refugee and Migratory Movements Research Unit 

Rotating Savings and Credit Association 

Reducing Vulnerability to Climate Change 

South Asian Association for Regional Cooperation 

South Asia Cooperative Environment Program 

South Asian Free Trade Area 

State Action Plans on Climate Change 

Southern African Power Pool 

South Asia Subregional Economic Cooperation Program 

South Asia Watch on Trade, Economics, and Environment 

Snow-Covered Area 

Special Climate Change Fund 

Snow-Covered Fraction 

snow cover duration 

Swiss Development Cooperation 

Sustainable Development Goal 

Sustainable Development Goals 

Sustainable Development Goal 2 

Sustainable Development Goal 7 

Simple Daily Intensity Index 

SAARC Disaster Management Centre 

Sustainable Energy for All 
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SF 

SHS 

SIDA 

SLA 

SLA 

SLCP 

SLCPs 

SMC 

SMEs 

SMHI 

SMS 

S0 2 

SOx 

SPARC 

SPDC 

SPI 

SPIP 

SRA 

SRES 

SREX 

SRTM 

SSPs 

SSR 

STEM 

SU 

SusKat-ABC 


SWE 

T&D 

TAR 

TCFD 

TEPC 

TERI 

TFEC 

toe 

TP 

TPES 

TRMM 

TSP 

UAE 

UAV 

UIB 

UN 

UNCDF 

UNCED 

UNDESA 

UNDP 

UNEP 

UNESCO 

UNFCCC 

UNHCR 

UNICEF 


Social Forestry 
Solar Home Systems 

Swedish International Development Cooperation Agency 

Snow Line Altitude 

Sustainable Livelihoods Approach 

Sloping Land Conversion Program 

Short-lived Climate Pollutants 

Scalabrini Migration Centre 

Small and Medium scale Enterprise 

Swedish Meteorological and Hydrological Institute 

Short Message Service 

Sulphur Dioxide 

Sulphur Oxides 

Stratosphere-troposphere Processes and their Role in Climate 

Social Policy and Development Centre 

Social Protection Index 

Solar-powered Irrigation Pumps 

Social Relations Approach 

Special Report on Emissions Scenarios 

Special Report on Managing the Risks of Extreme Events and Disasters to 

Advance Climate Change Adaptation 

Shuttle Radar Topographic Mission 

Shared Socio-Economic Pathways 

Surface Solar Radiation 

Sulfur Transport and Deposition Model 

Summer Day 

Sustainable Atmosphere for the Kathmandu Valley—Atmospheric Brown 
Cloud 

Snow Water Equivalent 
Transmission and Distribution 
Tibet Autonomous Region 

Task Force on Climate-related Financial Disclosures 

Trade and Export Promotion Centre 

The Energy and Resources Institute 

Total Final Energy consumption 

tonnes of oil equivalent 

Tibetan Plateau 

Total Primary Energy Supply 

Tropical Rainfall Measurement Mission 

Total Suspended Particle 

United Arab Emirates 

Unmanned Aerial Vehicle 

Upper Indus basin 

United Nations 

United Nations Capital Development Fund 

United Nations Conference on Environment and Development 

United Nations, Department of Economic and Social Affairs 

United Nations Development Programme 

United Nations Environment Programme 

United Nations Educational, Scientific and Cultural Organization 
United Nations Framework Convention on Climate Change 
United Nations High Commissioner for Refugees 
United Nations Children's Emergency Fund 
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UNISDR 

UNU 

u.s. 

USAID 

USD 

VACA 

VAT 

VCI 

VIC 

VOCs 

VRA 

VSBK 

vu 

w 

WAPDA 

WB 

WCD 

WCMC 

WCRP 

WD 

WDA 

WECS 

WEF 

WFD 

WGMS 

WHO 

WHYCOS 

WIDER 

WPSC 

WR 

WRF 

WRI-India 

WUAs 

WWF 


United Nations International Strategy for Disaster Reduction 
United Nations University 
United States 

United States Agency for International Development 
United States Dollar 

Vulnerability and Adaptive Capacity Assessment 

Value-Added Tax 

Vulnerability and Capacities Index 

Variable Infiltration Capacity 

Volatile Organic Compounds 

Vulnerability and Risk Assessment 

Vertical Shaft Brick Kiln 

Vulnerable 

Watt 

Water & Power Development Authority 
World Bank 

Wildlife Conservation Division 
World Conservation Monitoring Centre 
World Climate Research Programme 
Wet Day 

Wet-Day Anomaly 

Water and Energy Commission Secretariat 

W ater-Energy-Food 

Water Framework Directive 

World Glacier Monitoring Service 

World Health Organization 

World Hydrological Cycle Observing System 

World Institute for Development Economics Research 

Women’s Protection Technical Working group transitioned into a sub-cluster 

Water Resources 

Weather Research and Forecasting 
World Resources Institute, India 
Water Users’ Associations 
World Wildlife Fund for Nature 
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Fig. 2.1 A framework of three pillars of mountain sustainability and the interactive network of 
drivers 
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Fig. 3.1 RegCM4 elevation (in km) with three regions of interest defined by grid cells in each 
box above 2,500 m a.s.l. 
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Fig. 3.2 Annual mean temperature anomaly series (°C) relative to 1961-90 mean values for 
Tmean (a), Tmax, Tmin, and DTR 

Permission granted by Springer and China Meteorological Administration 
Fig. 3.3 The grid-averaged trends of annual mean temperature in the Hindu Kush Himalaya 
(HKH) since 1901 

Permission granted by Springer and China Meteorological Administration 
Fig 3.4 The regional average annual PSA and PPA over 113 years (1901-2013) in the Hindu 
Kush Himalaya 

Permission granted by Springer and China Meteorological Administration 
Fig. 3.6 The change trends in annual precipitation percentage anomaly (PPA, unit: % decade 
-1) (a), wet day anomaly (WDA, unit: mm decade- 1) (b); and daily precipitation intensity 
anomaly (DPIA, unit: mm/day decade-1) (c) in the Hindu Kush Himalaya over 53 years 
(1961-2013). Filled symbols represent statistically significant data at 0.05 confidence level 
(.Data source CMA GLMP; Zhan et al. 2017) 

Permission granted by Springer and China Meteorological Administration 
Fig. 3.7 Annual mean anomaly series of extreme temperature indices of the Hindu Kush 
Himalaya (HKH) for 1961-2014 for a cold nights (TNlOp); b cold days (TXlOp); c warm 
nights (TN90p); d warm days (TX90p); e monthly maximum value of daily maximum tem¬ 
perature (TXx); f monthly minimum value of daily minimum temperature (TNn); g frost days 
(FD); h summer days (SU); and i diurnal temperature range (DTR) (relative to 1961-90 mean 
values). The trends are calculated only for the grid boxes with sufficient data, as explained in 
the text (Data source CMA GLASAT; Sun et al. 2017a) 

Permission granted by Springer and China Meteorological Administration 
Fig 3.8 The change trends of extreme temperature indices of the Hindu Kush Himalaya for 
1961-2014 for a cold nights, b cold days, c warm nights, d warm days, e frost day, f summer 
day, g monthly maximum value of daily maximum temperature, h monthly minimum value of 
daily minimum temperature, and i diurnal temperature range (relative to 1961-90 mean val¬ 
ues) (Data source CMA GLSAT; Sun et al. 2017a) 

Permission granted by Springer and China Meteorological Administration 
Fig. 3.9 The regional average anomaly time series of extreme precipitation indices for annual 
amount (unit: mm) (left); days (unit: day) (central); and intensity (unit: mm/day) (right) of light 
(above), moderate (middle), and intense (below) precipitation over the last 53 years (1961— 
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2013) in the Hindu Kush Himalaya. Dashed lines represent linear trends (Data source CMA 
GLDP; Zhan et al. 2017) 

Permission granted by Springer and China Meteorological Administration 
Fig. 3.10 The change trends of annual precipitation amount percent anomaly (PPA) (1/left) 
and annual precipitation day anomaly (WDA) (2/right) for light (a), moderate (b), and intense 
(c) precipitation over the last 53 years (1961-2013) in the Hindu Kush Himalaya. Filled 
symbols represent statistically significant trends at the 0.05 confidence level (Data source 
CMA GLDP; Zhan et al. 2017) 
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Fig. 3.12 Seasonal ensemble mean climate change in the Hindu Kush Himalaya (HKH) in 
the near future ([2036-65] with respect to [1976-2005]) for (top panels) surface air temper¬ 
ature (°C) and (bottom panels) total precipitation (%), with scenarios (first and third column) 
RCP4.5 and (second and fourth column) RCP8.5, during (a-d) summer monsoon (JJAS) and 
(e-h) winter (DJF) seasons. Ensemble mean of downscaling CMIP5 GCM with CORDEX 
South Asia RCM (listed in Table 3.5). Striping in bottom panels indicates where at least 10 of 
the 13 realizations concur on an increase (vertical) or decrease (horizontal) in RCPs. The HKH 
boundary is shown with dashed line. The boxes represent the three HKH sub-regions used for 
detailed analysis (see text) 
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Fig. 3.13 Seasonal ensemble mean climate change in the Hindu Kush Himalaya (HKH) in the 
far future ([2066-2095]-[1976-2005]) for (top panels) surface air temperature (oC) and 
(bottom panels) total precipitation (%), with scenarios (first and third column) RCP4.5 and 
(second and fourth column) RCP8.5, during (a-d) summer monsoon (JJAS) and (e-h) winter 
(DJF) seasons. Ensemble mean of downscaling CMIP5 GCM with CORDEX South 
Asia RCM (listed in Annex “Permissions to Publish” and Table 3.5). Striping in bottom 
panels indicates where at least 10 of the 13 realizations concur on an increase (vertical) or 
decrease (horizontal) in RCPs. The HKH boundary is shown by a dashed line. The boxes 
represent three HKH sub-regions used for detailed analysis (see text) 
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Fig. 5.2 Linkages between ecosystems, biodiversity, and human wellbeing 

Permission granted by Elsevier 

Fig. 5.4 Vegetation zones and dominant forest types in the HKH (Chettri et al. 2010) 

Permission granted by ICIMOD 

Fig. 5.5 Climatic records, radiocarbon dates, and charred cereal grain records from 53 
investigated sites on the north east Tibetan Plateau (NETP) 
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Fig. 5.12 Trend in number and area coverage of protected areas in the HKH from 1918 to 
2007 

Permission granted by Taylor and Francis 
Fig. 6.1 Framework for Addressing Sustainable Energy Transition 
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Box 7.2 Schematic diagrams of five mechanisms of elevation dependent warming. dT/dt is the 
change in temperature over time (adapted from Mountain Research Initiative EDW Working 
Group 2015) 
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Fig. 7.3 Snow cover fraction trends (%/yr) over the HKH-TP from 2000 to 2014 from (Source 
Li et al. 2017) 

Permission granted by John Wiley and Sons 

Fig. 7.9 Mass change projections and prevalence of debris cover for all RGI sub-regions (a-o) 
that are encompassed by the RGI regions 13 (Central Asia), 14 (South Asia West), and 15 (South 
Asia East) 
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Fig. 8.2 Contribution to total flow by glacial melt, snowmelt, and rainfall-runoff for major 
streams 
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Fig. 8.3 NDVI changes in the growing season across TP over past three decades 
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Fig. 9.1 Food security framework (Source adapted from Jones et al. 2013) 
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Fig. 9.9 Post-harvest losses in Gilgit-Baltistan, Pakistan (Source Rasul et al. 2014) 
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Fig. 10.4 CO in the Kathmandu Valley in October (a) and January (b) 2005. Weekends are 
marked in light shading and festival days in medium shading. Source Panday and Prinn (2009) 
Permission granted by John Wiley and Sons 

Fig. 10.5 a Diurnal concentrations of BC during each season at Pantnagar, Uttarakhand, India 
(left, Source Joshi et al. 2016) and at Paknajol, Kathmandu, Nepal (right, Source Putero et al. 
2015) 
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Fig. 10.6 Diurnal variations for aerosol particle number concentration (Np), surface 0 3 , and 
C0 2 at Askole in northern Pakistan (3,015 masl). Source Putero et al. (2014) 
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Fig. 10.7 Diurnal cycle of aerosol number concentrations at Manora Peak, Nainital, India 
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Fig. 10.8 Mean MODIS AOD during pre-monsoon season between 2003 and 2006, projected 
as a function of surface topography (left) and CALIPSO back-scatter profile from southern 
India to the Himalaya (right). Source Gautam et al. (2009a) 
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Fig. 10.11 Fog frequency from 82 stations over India and Pakistan from 1976 to 2010 (Syed 
et al. 2012) 
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Fig. 10.13 Multiple pollutants and their multiple adverse effects. (Cao et al. 2013, adapted by 
Clean Air Asia 2016) 
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Fig. 10.18 Contribution of motor vehicles, secondary, biomass/garbage burning, brick kilns, 
and soil dust to PM 10 concentrations in Nepal (Source Kim et al. 2015) 
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Fig. 12.4 Percentage of multidimensional poor and consumption poor in Shan and Chin in 
2013 (Source Gerlitz et al. 2014) 
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Fig. 12.7 Conceptual framework for vulnerability (Macchi 2011, adapted from Fiissel and 
Klein 2006) 

Permission granted by ICIMOD 

Fig. 12.8 Sustainable livelihoods approach (Macchi 2011, adapted from DFID 1999) 
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Fig. 12.9 Vulnerability in three sub-basins of the HKH: absolute and relative contribution of 
vulnerability dimensions by district (Gerlitz et al. 2017) 
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Fig. 12.10 Vulnerability in three sub-basins of the HKH: relative contribution of vulnerability 
components by district in percentage (Gerlitz et al. 2017) 
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